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Abstract 

This study constructs a Stackelberg game model for a supply chain comprising a capital-
constrained manufacturer and a retailer with private demand information to analyze the 
interplay between the manufacturer’s carbon abatement financing strategy (bank credit 
vs. trade credit) and the retailer’s information sharing decision. The results show that the 
impact of information sharing is contingent on market sentiment. Sharing is beneficial, 
promoting abatement investment and supply chain performance under optimistic market 
forecasts, but it can suppress investment and increase emissions under pessimistic ones. 
Furthermore, the manufacturer’s financing choice is driven by the investment cost and 
carbon price; trade credit becomes more attractive for emission reduction as investment 
costs decrease and carbon prices rise. Counter-intuitively, higher forecast accuracy does 
not always incentivize information sharing, with its effects on disclosure and environmen-
tal performance exhibiting distinct threshold characteristics. 
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1. Introduction 
The United Nations 2030 Agenda for Sustainable Development has established a 

global blueprint for peace and prosperity, with SDG 12 (Responsible Consumption and 
Production) and SDG 13 (Climate Action) serving as the cornerstone for industrial trans-
formation [1]. Against the global drive toward a low-carbon transition and sustainable 
development, green supply chain management has evolved from an optional strategic 
choice into an institutional imperative for enterprises across industries. In pursuit of these 
Sustainable Development Goals (SDGs), countries and regions worldwide have succes-
sively rolled out stringent climate regulatory frameworks. These include China’s “Dual 
Carbon” goals (carbon peaking by 2030 and carbon neutrality by 2060), the EU’s Carbon 
Border Adjustment Mechanism (CBAM), the Corporate Sustainability Reporting Di-
rective (CSRD), and California’s SB-253 climate disclosure law, which collectively man-
date enterprises to quantify, reduce, and disclose carbon emissions throughout their value 
chains. Concurrently, rising consumer environmental awareness has fueled a strong pref-
erence for low-carbon and eco-labeled products, with sustainable goods growing much 
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faster than conventional alternatives in global retail markets. However, it is crucial to rec-
ognize that this preference does not always translate into actual purchase behavior—a 
phenomenon known as the “attitude-behavior gap” [2,3]. In reality, consumers’ decisions 
are often balanced against pragmatic constraints such as cost, constant availability, and 
convenience, which may overshadow a product’s environmental credentials [4]. Thus, the 
market demand for green products is not a simple reflection of environmental concern, 
but a complex outcome of price and informational dynamics. Together, regulatory pres-
sure and market demand have forced manufacturers—especially small and medium-
sized manufacturers—to invest proactively in carbon abatement technologies, low-carbon 
process retrofits, and carbon footprint certification to maintain market access and compet-
itiveness. 

However, a critical bottleneck persists in practice: capital constraints. Carbon emis-
sion reduction R&D, equipment upgrades, and carbon asset management require large 
upfront, irreversible investments, which many manufacturers cannot afford with internal 
funds alone. This has sparked a surge in research on green supply chain finance, which 
aims to reconcile environmental goals with liquidity constraints. Two dominant financing 
modes have emerged: bank credit financing (BCF), represented by green loans and credit 
lines, and trade credit financing (TCF), where downstream retailers provide internal fi-
nancing via advances, deferred payments, or direct lending. Recent empirical and analyt-
ical studies show that trade credit often better mitigates information asymmetry and re-
duces financing frictions compared with traditional bank credit, especially for manufac-
turers with limited collateral or low transparency [5,6]. 

A second defining feature of modern supply chains is information asymmetry, par-
ticularly regarding end-market demand. As the closest players to consumers, retailers typ-
ically hold superior, private demand forecasts, while upstream manufacturers often make 
decisions based on incomplete or outdated information. This information gap distorts 
production planning, inventory allocation, and green investment efficiency, exacerbating 
the “bullwhip effect” and undermining emission reduction outcomes. Although extensive 
literature has examined information sharing in conventional supply chains, limited work 
has explored its strategic interplay with financing choices and carbon abatement decisions 
in green supply chains. Most existing studies treat financing and information as separate 
issues: some focus on how capital constraints affect abatement investment without con-
sidering information structures [7,8]; others analyze information sharing without incor-
porating endogenous financing mode selection between bank credit and trade credit [9]. 

Recent literature has begun to bridge these silos. For instance, studies on green sup-
ply chain finance confirm that both external bank financing and internal trade credit can 
enable capital-constrained manufacturers to undertake abatement investment, but their 
efficiency differs systematically with interest rates [10,11], carbon prices [12], and risk-
sharing mechanisms [13]. 

Despite these advances, three critical gaps remain. First, few studies unify retailer 
information disclosure, manufacturer financing choice (bank vs. trade credit), and carbon 
abatement investment in a single analytical framework under carbon trading and labeling 
schemes. Second, existing work largely ignores how market optimism or pessimism mod-
erates the value of information sharing under different financing modes. Third, the thresh-
old effects of investment cost, carbon price, and forecast accuracy on both information 
strategy and financing equilibrium remain underexplored. To fill these gaps, this study 
constructs a Stackelberg game model between a capital-constrained manufacturer and a 
retailer with private demand information, investigating how financing modes and infor-
mation structures jointly determine pricing, abatement levels, profit distribution, and car-
bon emissions. In doing so, we aim to provide theoretical guidance for supply chain de-
carbonization under joint financial and informational frictions, thereby offering practical 
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pathways to achieve the targets set by the UN 2030 SDGs in terms of industrial sustaina-
bility and climate resilience. 

2. Literature Review 
This study draws upon two interrelated streams of literature: (1) the coupling mech-

anisms of information asymmetry and capital constraints in supply chains; and (2) inno-
vative financing models and strategic choices for green supply chains. The following sub-
sections review each stream and highlight the research gap this study addresses. 

A substantial body of literature recognizes information asymmetry as a structural 
source of capital supply–demand imbalance in supply chains [14]. For instance, Zer and 
Raz (2011) show that when production or cost information is private, information asym-
metry significantly distorts profit distribution [15]. Niu et al. (2025) further demonstrate 
that such asymmetry affects suppliers’ investment incentives in a market-dependent man-
ner [16]. In the context of supply chain finance, information asymmetry is identified as the 
root cause of credit rationing and financing frictions between lenders and borrowers [17]. 
Chen et al. (2022) emphasize that external capital constraints severely restrict operational 
risk-taking, with information asymmetry as the underlying driver [17]. Park and Ryu 
(2023) show that reverse factoring mitigates such frictions by leveraging high-credit buy-
ers to reduce information opacity [18]. Similarly, Yi, Wang, and Chen (2021) find that plat-
form intermediaries’ social responsibility concerns can alleviate financing constraints un-
der asymmetric information [19]. When coupled with risk-averse behavior, the problem 
intensifies. Vosooghidizaji et al. (2020) find that bilateral risk aversion nearly doubles the 
efficiency loss caused by information asymmetry [14], and Tseng et al. (2018) show that 
risk attitudes transmit across tiers with damping or tipping effects, destabilizing financing 
decisions [20]. 

In summary, this literature thoroughly analyzes the negative effects of information 
asymmetry and its interaction with behavioral factors. However, most studies focus on 
eliminating or mitigating asymmetry, with little attention to treating information itself as 
a strategic resource that interacts endogenously with alternative financing modes. 

The second stream focuses on financing solutions for capital-constrained manufac-
turers under carbon reduction policies. Scholars widely agree that SMEs face a “double 
squeeze” from rising operational costs and financing risk premiums during green transi-
tions [21]. This financial pressure exhibits a threshold effect: when initial capital falls be-
low a certain level, emission reduction investment willingness drops sharply [22]. Carbon 
trading mechanisms may amplify this effect, creating a “green premium” phenomenon 
[23]. 

To address these challenges, government subsidies and innovative financing models 
have been extensively studied. Wang et al. (2024) show that combining monetary incen-
tives (cost-sharing) with symbolic incentives (green credit) can optimize emission reduc-
tion efficiency [24]. Qin et al. (2018) demonstrate that green financing synergized with 
retailer cost-sharing improves manufacturers’ emission reduction levels under low inter-
est rates [25]. Zhang et al. (2021) find that equity or hybrid financing effectively reduces 
financing costs when consumers have strong low-carbon preferences [26]. While many 
studies in green supply chain management assume that consumer environmental aware-
ness directly drives green demand, another strand of behavioral literature highlights the 
“attitude-behavior gap”. Research shows that even environmentally conscious consumers 
are highly sensitive to price premiums and shopping convenience [27]. For instance, con-
sumers might express strong support for low-carbon products in surveys but revert to 
conventional products at the point of sale due to cost or limited availability [28,29]. This 
discrepancy suggests that the effectiveness of green supply chain strategies—such as car-
bon abatement and information disclosure—must be evaluated under more realistic and 
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nuanced market conditions. Among internal financing mechanisms, trade credit has re-
ceived particular attention. It can complement bank credit and, under certain conditions, 
create a separating equilibrium that improves risk sharing and overall performance [30]. 
However, trade credit is not always beneficial: under intense competition, it may lead to 
a prisoner’s dilemma [31]; under demand uncertainty, it may impose financial risks on 
capital-constrained supply chain members [32]. Recent studies compare alternative fi-
nancing modes. An et al. (2023) contrast green credit financing (GCF) with trade credit 
financing (TCF), finding that GCF reduces carbon footprints under stringent penalties 
while TCF enables profit gains under lenient policies [10]. Lai et al. (2021) show that the 
equilibrium between bank and trade credit financing depends on manufacturers’ risk 
preferences and capital levels [30]. Wu et al. (2025) demonstrate that blockchain technol-
ogy, by enhancing transparency, can shift the optimal choice toward trade credit [33]. 

In summary, this literature clearly delineates the “policy pressure → capital con-
straint → inhibited emission reduction” transmission chain and validates various inter-
ventions. However, most studies examine financing choices in isolation, without integrat-
ing information sharing as an endogenous strategic decision. Despite the advances, an 
integrative gap remains. Most studies examine information asymmetry, capital con-
straints, and financing strategies independently or in pairwise combinations, often over-
looking how the “attitude-behavior gap” shapes market demand uncertainty. Few, if any, 
systematically investigate, within a unified framework, how downstream retailers’ infor-
mation-sharing decisions—which serve as a key tool to resolve such demand uncer-
tainty—influence capital-constrained manufacturers’ financing mode choices (bank fi-
nancing vs. trade credit) and their carbon emission reduction investments. 

This study addresses this gap by endogenizing both decisions in a unified game-the-
oretic model. The core contributions are twofold. First, we reveal that the value of infor-
mation sharing is not absolute but depends on market conditions and emission reduction 
efficiency. Second, we show that under information sharing, trade credit exhibits stronger 
emission reduction incentives than bank financing by internalizing risks and benefits, of-
fering a novel approach to reconciling economic and environmental objectives in green 
supply chains. 

3. Problem Description and Model Assumptions 
We examine a supply chain comprising a capital-constrained manufacturer (referred 

to as “M”) and a retailer (referred to as “R”), where the manufacturer supplies products 
in bulk to the retailer. As consumers’ growing preference for green products, product sales 
are significantly shaped by the product’s environmental credentials, particularly its car-
bon footprint, which is quantified by a carbon label reflecting the total emissions produced 
up to the point the product exits the manufacturer’s facility. The manufacturer with capi-
tal constraints can choose to borrow from a bank or borrow from the downstream retailer 
to invest in carbon reduction to reduce its product carbon label. 

Assuming that the baseline carbon emission per unit, without any investments in 
emission reduction, is denoted as c. This emission level can be decreased to 𝑐𝑐𝑠𝑠 = 𝑐𝑐 − 𝛾𝛾𝛾𝛾 
when the manufacturer allocates an amount 𝑠𝑠 to carbon reduction initiatives, where 𝛾𝛾 >
0 signifies the efficiency of these investments. A larger value of 𝛾𝛾 reflects a greater effec-
tiveness in lowering emissions. Correspondingly, the emission-reduction cost to be borne 
by the manufacturer can be represented as 𝜑𝜑𝑠𝑠2/2, where 𝜑𝜑 > 0 denotes the coefficient 
for the emission reduction with a carbon-reduction investment effort level s. So, the 
amount of the loan for carbon reduction is 𝜑𝜑𝑠𝑠2/2. For ease of exposition, the marginal 
cost of producing the product is considered constant and is standardized to zero. Addi-
tionally, the manufacturer is granted a carbon allowance 𝑇𝑇, enabling her to buy or sell 
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emission credits at a prevailing market price, depending on whether her emissions sur-
pass or are below the assigned limit. If actual emissions fall below the quota, carbon emis-
sion rights may be sold at that price. 

We assume the retailer possesses precise information regarding the manufacturer’s 
operational liquidity and risk exposure. Such insights can be derived from historical trans-
actions, industry databases, supplier evaluations, and accumulated organizational 
knowledge through ongoing business relationships. Being closer to end consumers, the 
retailer can forecast market demand based on market data and decide whether to share 
its demand forecast 𝑓𝑓 with the manufacturer. The potential market capacity 𝑎𝑎 is a ran-
dom variable defined as 𝑎𝑎 = 𝑎𝑎0 + 𝜒𝜒, where 𝑎𝑎0  presents the deterministic component, 
and the stochastic component 𝜒𝜒  follows a normal distribution 𝑁𝑁(0, 𝑣𝑣) . The retailer’s 
forecast signal 𝑓𝑓 is given by 𝑓𝑓 = 𝑎𝑎 + 𝜀𝜀, where ε denotes the forecast error, which is nor-
mally distributed with 𝑁𝑁(0,𝑛𝑛). The random variable 𝜒𝜒 and the forecast error 𝜀𝜀 are mu-
tually independent. As demonstrated in research [34], it follows that: 𝐸𝐸(𝑎𝑎|𝑓𝑓) = 𝑛𝑛

𝑣𝑣+𝑛𝑛
𝑎𝑎0 +

𝑣𝑣
𝑣𝑣+𝑛𝑛

𝑓𝑓 , 𝐸𝐸[(𝑓𝑓 − 𝑎𝑎0)2] = 𝑣𝑣 + 𝑛𝑛 . We define 𝜃𝜃 = 𝑣𝑣
𝑣𝑣+𝑛𝑛

 as the retailer’s predictive accuracy 
[34,35], which satisfies 0 ≤ 𝜃𝜃 < 1 . Thus, the expression can be rewritten as 𝐸𝐸(𝑎𝑎|𝑓𝑓) =
(1 − 𝜃𝜃)𝑎𝑎0 + 𝜃𝜃𝜃𝜃 = 𝐴𝐴,𝐸𝐸[(𝑓𝑓 − 𝑎𝑎0)2] = 𝑣𝑣/𝑡𝑡. 

The demand function is formally given by 𝑞𝑞 = 𝑎𝑎 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠 , where 𝑝𝑝 is the retail 
price, and 𝛽𝛽 is a positive constant that captures the consumer’s sensitivity to the carbon 
label. We assume 𝛽𝛽 to be less than one, reflecting the reality that consumers prioritize 
price over eco-labels. When the retailer does not share the information, the manufacturer 
only knows 𝑎𝑎~𝑁𝑁(𝑎𝑎0, 𝑣𝑣)  and makes decisions based on 𝐸𝐸(𝑎𝑎) = 𝑎𝑎0 . There is an infor-
mation asymmetry at this point, as the retailer has already predicted the potential market 
capacity and made decisions based on this information. Conversely, when the retailer 
shares market information with the manufacturer, both the manufacturer and the retailer 
make decisions based on 𝑎𝑎0 and 𝑓𝑓, that is, they believe the potential market capacity is 
𝐸𝐸(𝑎𝑎|𝑓𝑓) = (1 − 𝜃𝜃)𝑎𝑎0 + 𝜃𝜃𝜃𝜃. Hence, the carbon footprint function can be shown as 𝐶𝐶 = (𝑐𝑐 −
𝛾𝛾𝛾𝛾) × 𝑞𝑞. 

Assuming the manufacturer’s initial capital is zero, it can secure financing through 
two methods: Bank Credit Financing (BCF) and Trade Credit Financing (TCF). 

The sequence of actions is as follows (Figure 1): First, the manufacturer decides 
whether to invest and, if so, which financing method to choose (bank financing or trade 
credit). Next, the retailer observes the demand signal and decides whether to share de-
mand information with the manufacturer. Then, the manufacturer sets the wholesale price 
𝑤𝑤 and the investment effort level 𝑠𝑠. Finally, the retailer determines the retail price that 
maximizes its own profit. This study employs backward induction to derive the equilib-
rium outcomes for each scenario. 

The main notation used in the model is summarized in Table 1. 

 

https://doi.org/10.3390/math14132292


Mathematics 2026, 14, 2292 6 of 32 
 

https://doi.org/10.3390/math14132292 

Figure 1. Sequence of events. (Source: Drawn by the authors). 

Table 1. Notation. (Source: Compiled by the authors) 

Notation Description 
Decision variables 

𝑤𝑤 Unit wholesale price 
𝑠𝑠 Level of investment in carbon reduction 
𝑝𝑝 Retail price 

Model parameters 
𝑎𝑎 Potential market size 
𝜃𝜃 Accuracy of the retailer’s forecast information 
𝑞𝑞 Retailer’s order quantity 
𝑓𝑓 Retailers’ forecast value for market demand 
𝛽𝛽 Consumer low-carbon preference coefficient 
𝑐𝑐𝑠𝑠 Carbon label per unit product 
𝐶𝐶 Carbon footprint function 
𝛾𝛾 Carbon reduction investment efficiency 
𝑇𝑇 Carbon emission allowance 
𝑡𝑡 Trading price of carbon emission quotas 

𝑐𝑐 
Initial carbon label per unit product (without carbon reduction in-

vestment) 
𝑟𝑟𝐵𝐵 Bank loan interest rate (exogenous) 
𝑟𝑟𝑅𝑅 Retailer loan interest rate (exogenous) 
𝑎𝑎0 Determined portion of the market size 
𝜒𝜒 Undetermined portion of market size 
𝜑𝜑 Carbon emission reduction investment cost parameters 

4. Model 
This section develops models for cases where the manufacturer takes or does not take 

the carbon-emission reduction and adopts various loan options. We employ backward 
induction to get the equilibrium outcomes of each model, which are summarized in Ap-
pendix Tables A1–A3 to save space. 

4.1. Model N: The Benchmark Setting with No Carbon-Emission Reduction 

Here we study the benchmark with no carbon-emission reduction, in which the de-
sign stage no longer exists. We denote “NN” and “NS” as the case of no information shar-
ing and with information sharing, respectively. 

4.1.1. Case NN 

Keeping in mind that the market capacity information will not be shared in the pric-
ing stage even though it has been anticipated by the retailer under the case NN. So, there 
is an information asymmetry between the manufacturer and the retailer; that is, the man-
ufacturer only knows 𝐸𝐸(𝑎𝑎) = 𝑎𝑎0, while the retailer predicts the potential market capacity 
is 𝐸𝐸(𝑎𝑎|𝑓𝑓) = (1 − 𝜃𝜃)𝑎𝑎0 + 𝜃𝜃𝜃𝜃. Therefore, the profit functions for the manufacturer and the 
retailer are, respectively, written as 

𝑚𝑚𝑚𝑚𝑚𝑚
𝑤𝑤

𝐸𝐸(𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁) = 𝐸𝐸{𝑤𝑤(𝑎𝑎0 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠) + 𝑡𝑡(𝑇𝑇 − 𝑐𝑐(𝑎𝑎0 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠))}  

𝑚𝑚𝑚𝑚𝑚𝑚
𝑝𝑝

𝐸𝐸(𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁|𝑓𝑓) = 𝐸𝐸{(𝑝𝑝 − 𝑤𝑤)(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠)|𝑓𝑓}  
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Using backward induction, setting 𝜕𝜕𝜋𝜋𝑟𝑟
𝑁𝑁𝑁𝑁

𝜕𝜕𝜕𝜕
= 0 , yields the optimal pricing function 

𝑝𝑝𝑁𝑁𝑁𝑁 = 𝐴𝐴+𝑤𝑤−𝑐𝑐𝑐𝑐
2

. Since retailers do not share forecast information, the manufacturer’s ex-

pected retail price is 𝑝𝑝 = 𝑎𝑎0+𝑤𝑤−𝑐𝑐𝑐𝑐
2

. Substituting 𝑝𝑝 = 𝑎𝑎0+𝑤𝑤−𝑐𝑐𝑐𝑐
2

 into 𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁  and solving the 

first-order condition 𝜕𝜕𝜋𝜋𝑚𝑚
𝑁𝑁𝑁𝑁

𝜕𝜕𝜕𝜕
= 0 yields the equilibrium wholesale price. Substituting this 

into the optimal pricing function. Thus, the equilibrium solutions when the manufacturer 
does not invest in carbon reduction and the retailer does not share market information 
can be obtained, as follows: 

𝑤𝑤𝑁𝑁𝑁𝑁 =
𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 − 𝛽𝛽)

2
  

𝑝𝑝𝑁𝑁𝑁𝑁 =
𝑐𝑐(𝑡𝑡 − 3𝛽𝛽) + 𝑎𝑎0(3 − 2𝜃𝜃) + 2𝑓𝑓𝑓𝑓

4
  

𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁 =
8𝑡𝑡𝑡𝑡 + 𝑎𝑎02 − 2𝑐𝑐𝑎𝑎0(𝑡𝑡 + 𝛽𝛽) + 𝑐𝑐2(𝑡𝑡 + 𝛽𝛽)2

8
  

𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁 =
�𝑐𝑐(𝑡𝑡 + 𝛽𝛽) − 2𝑓𝑓𝑓𝑓 + 𝑎𝑎0(−1 + 2𝜃𝜃)�2

16
  

4.1.2. Case NS 

If the retailer decides to share market information with the manufacturer, both par-
ties make decisions based on conditional expectation 𝐸𝐸(𝑎𝑎|𝑓𝑓) = 𝐴𝐴 = (1 − 𝜃𝜃)𝑎𝑎0 + 𝜃𝜃𝜃𝜃 , 
where 𝜃𝜃 = 𝑣𝑣

𝑣𝑣+𝑛𝑛
. The profit functions for the manufacturer and the retailer are, respectively, 

written as 

𝑚𝑚𝑚𝑚𝑚𝑚
𝑤𝑤

𝐸𝐸(𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁|𝑓𝑓) = 𝐸𝐸{𝑤𝑤(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝛽𝛽) + 𝑡𝑡(𝑇𝑇 − 𝑐𝑐(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝛽𝛽))|𝑓𝑓}  

𝑚𝑚𝑚𝑚𝑚𝑚
𝑝𝑝

𝐸𝐸(𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁|𝑓𝑓) = 𝐸𝐸{(𝑝𝑝 − 𝑤𝑤)(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝛽𝛽)|𝑓𝑓}  

Using backward induction, setting 𝜕𝜕𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁

𝜕𝜕𝜕𝜕
= 0  yields the optimal pricing function 

𝑝𝑝𝑁𝑁𝑁𝑁 = 𝐴𝐴+𝑤𝑤−𝑐𝑐𝑐𝑐
2

. Since retailers do not share forecast information, the manufacturer’s ex-

pected retail price is 𝑝𝑝 = 𝐴𝐴+𝑤𝑤−𝑐𝑐𝑐𝑐
2

. Substituting 𝑝𝑝 = 𝐴𝐴+𝑤𝑤−𝑐𝑐𝑐𝑐
2

 into 𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁  and applying the 

first-order condition, 𝜕𝜕𝜋𝜋𝑚𝑚
𝑁𝑁𝑁𝑁

𝜕𝜕𝜕𝜕
= 0 to determine the equilibrium wholesale price. This is then 

substituted into the corresponding optimal pricing function. Substituting 𝐴𝐴 = (1 −
𝜃𝜃)𝑎𝑎0 + 𝜃𝜃𝜃𝜃 into the equilibrium solution. Thus, the equilibrium solutions when the manu-
facturer does not invest in carbon reduction but the retailer shares market information can 
be obtained, as follows: 

𝑤𝑤𝑁𝑁𝑁𝑁 =
𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 − 𝛽𝛽) + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃

2
  

𝑝𝑝𝑁𝑁𝑁𝑁 =
𝑐𝑐(𝑡𝑡 − 3𝛽𝛽) + 3(𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)

4
  

𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁 =
8𝑡𝑡𝑡𝑡 + 𝑐𝑐2(𝑡𝑡 + 𝛽𝛽)2 + 2𝑐𝑐(𝑡𝑡 + 𝛽𝛽)(𝑎𝑎0(−1 + 𝜃𝜃) − 𝑓𝑓𝑓𝑓) + (𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)2

8
  

𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁 =
(𝑐𝑐(𝑡𝑡 + 𝛽𝛽) + 𝑎𝑎0(−1 + 𝜃𝜃) − 𝑓𝑓𝑓𝑓)2

16
  

4.2. Model B: Invest in Carbon-Emission Reduction with a Bank Loan 

https://doi.org/10.3390/math14132292
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In this section, we discuss when manufacturers choose the bank loan for carbon-
emission reduction. We denote “BN” and “BS” as the case of no information sharing and 
with information sharing, respectively. 

4.2.1. Case BN 

In this case, the manufacturer engages in carbon-emission reduction by taking out 
loans from the bank in the product design stage. The loan amount is given by 𝐿𝐿 = 1

2
𝜑𝜑𝑠𝑠2, 

where s represents the effort level in emission reduction investment. The cost of carbon 
reduction is defined as 1

2
𝜑𝜑𝑠𝑠2. Consequently, the unit carbon emission is reduced to 𝑐𝑐𝑠𝑠 =

𝑐𝑐 − 𝛾𝛾𝛾𝛾. The manufacturer must repay the loan with interest, 𝐿𝐿(1 + 𝑟𝑟𝐵𝐵), where 𝑟𝑟𝐵𝐵 is the 
exogenous bank loan interest rate. During the product sales stage, the retailer does not 
share market information with the manufacturer even though it has predicted the infor-
mation. Similarly to the case NN, there is an information asymmetry between the manu-
facturer and the retailer. The manufacturer can only make decisions based on the histori-
cal average of market size, but the retailer makes pricing decisions based on predicted 
market volume. 

The profit functions for the manufacturer and the retailer are, respectively, written 
as 

𝑚𝑚𝑚𝑚𝑚𝑚
𝑤𝑤,𝑠𝑠

𝐸𝐸(𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵) = 𝐸𝐸{𝑤𝑤(𝑎𝑎0 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠) + 𝑡𝑡(𝑇𝑇 − (𝑐𝑐 − 𝛾𝛾𝛾𝛾)(𝑎𝑎0 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠)) − 𝐿𝐿(1 + 𝑟𝑟𝐵𝐵)}  

𝑚𝑚𝑚𝑚𝑚𝑚
𝑝𝑝

𝐸𝐸(𝜋𝜋𝑟𝑟𝐵𝐵𝐵𝐵|𝑓𝑓) = 𝐸𝐸{(𝑝𝑝 − 𝑤𝑤)(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠)|𝑓𝑓}  

Using backward induction, setting 𝜕𝜕𝜋𝜋𝑟𝑟
𝐵𝐵𝐵𝐵

𝜕𝜕𝜕𝜕
= 0, yields the retailer’s optimal pricing 

function 𝑝𝑝𝐵𝐵𝐵𝐵 = 𝐴𝐴+𝑤𝑤−𝑐𝑐𝑐𝑐+𝑠𝑠𝑠𝑠𝑠𝑠
2

. Since the retailer does not share the forecast information, the 

manufacturer forms its expectation of the retail price as 𝑝𝑝 = 𝑎𝑎0+𝑤𝑤−𝑐𝑐𝑐𝑐+𝑠𝑠𝑠𝑠𝑠𝑠
2

. Substituting 

𝑝𝑝 = 𝑎𝑎0+𝑤𝑤−𝑐𝑐𝑐𝑐+𝑠𝑠𝑠𝑠𝑠𝑠
2

 into the manufacturer’s expected profit 𝜋𝜋𝑟𝑟𝐵𝐵𝐵𝐵 , the Hessian matrix of 
𝐸𝐸(𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵) with respect to w and s can be obtained as 

𝐻𝐻1 = �
−1

(−𝑡𝑡 + 𝛽𝛽)𝛾𝛾
2

(−𝑡𝑡 + 𝛽𝛽)𝛾𝛾
2

𝑡𝑡𝑡𝑡𝛾𝛾2 − (1 + 𝑟𝑟𝐵𝐵)𝜑𝜑
�  

The determinant of 𝐻𝐻1  is given by |𝐻𝐻1| = (1 + 𝑟𝑟𝐵𝐵)𝜑𝜑 − 1
4

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 . To ensure the 
economic feasibility of the model, the emission-reduction cost coefficient should satisfy 
𝜑𝜑 > (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝐵𝐵)
. Under this condition, 𝐻𝐻1  is negative definite, implying that 𝐸𝐸(𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵) , is 

jointly concave in (w,s). Therefore, the equilibrium wholesale price and optimal emission-

reduction effort can be obtained by solving the first-order conditions 𝜕𝜕𝜋𝜋𝑚𝑚
𝑁𝑁𝑁𝑁

𝜕𝜕𝜕𝜕
= 0, 𝜕𝜕𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁

𝜕𝜕𝜕𝜕
= 0. 

Substituting the optimal solutions into the retailer’s pricing function further yields the 
equilibrium outcomes of all decision variables when the manufacturer invests in carbon-
emission reduction through bank financing and the retailer does not share forecast market 
information. 

𝑤𝑤𝐵𝐵𝐵𝐵 =
𝑡𝑡𝑎𝑎0(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2 − 2(1 + 𝑟𝑟)�𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 − 𝛽𝛽)�𝜑𝜑

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑
  

𝑠𝑠𝐵𝐵𝐵𝐵 =
(𝑡𝑡 + 𝛽𝛽)�−𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 + 𝛽𝛽)�𝛾𝛾
(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑

  

𝑝𝑝𝐵𝐵𝐵𝐵 =
(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2(2𝑡𝑡𝑎𝑎0 + (𝑓𝑓 − 𝑎𝑎0)(𝑡𝑡 + 𝛽𝛽)𝜃𝜃) − 2(1 + 𝑟𝑟)(𝑐𝑐(𝑡𝑡 − 3𝛽𝛽) + 𝑎𝑎0(3 − 2𝜃𝜃) + 2𝑓𝑓𝑓𝑓)𝜑𝜑

2(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 8(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑
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𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵 =
2𝑡𝑡𝑡𝑡(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − (1 + 𝑟𝑟𝐵𝐵)(8𝑡𝑡𝑡𝑡 + 𝑎𝑎02 − 2𝑐𝑐𝑎𝑎0(𝑡𝑡 + 𝛽𝛽) + 𝑐𝑐2(𝑡𝑡 + 𝛽𝛽)2)𝜑𝜑

2(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 8(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑
  

𝜋𝜋𝑟𝑟𝐵𝐵𝐵𝐵 =
�(𝑓𝑓 − 𝑎𝑎0)(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2𝜃𝜃 + 2(1 + 𝑟𝑟𝐵𝐵)�𝑐𝑐(𝑡𝑡 + 𝛽𝛽) − 2𝑓𝑓𝑓𝑓 + 𝑎𝑎0(−1 + 2𝜃𝜃)�𝜑𝜑�

2

4((𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑)2   

4.2.2. Case BS 

In this case, the retailer shares its market forecast information with the manufacturer. 
Consequently, all decision-makers base their strategies on the conditional expectation of 
market demand, denoted by 𝐴𝐴 = 𝐸𝐸(𝑎𝑎|𝑓𝑓) = (1 − 𝜃𝜃)𝑎𝑎0 + 𝜃𝜃𝜃𝜃 . When the manufacturer 
chooses to invest in carbon-emission reduction through a bank loan and the retailer shares 
forecast information, the profit maximization problems of the manufacturer and the re-
tailer can be, respectively, formulated as 

𝑚𝑚𝑚𝑚𝑚𝑚
𝑤𝑤,𝑠𝑠

𝐸𝐸(𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵|𝑓𝑓) = 𝐸𝐸�[𝑤𝑤(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠) + 𝑡𝑡�𝑇𝑇 − (𝑐𝑐 − 𝛾𝛾𝛾𝛾)(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠)� − 𝐿𝐿(1 + 𝑟𝑟𝐵𝐵)]�𝑓𝑓�  

𝑚𝑚𝑚𝑚𝑚𝑚
𝑝𝑝

𝐸𝐸(𝜋𝜋𝑟𝑟𝐵𝐵𝐵𝐵|𝑓𝑓) = 𝐸𝐸{(𝑝𝑝 − 𝑤𝑤)(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠)|𝑓𝑓}  

Using backward induction, and given that the retailer shares its forecast information, 
the manufacturer’s expected retail price is 𝑝𝑝 = 𝐴𝐴+𝑤𝑤−𝑐𝑐𝑐𝑐+𝑠𝑠𝑠𝑠𝑠𝑠

2
. The subsequent derivation 

process is analogous to that in Case-BN and therefore omitted for brevity. 
When the manufacturer adopts bank financing for emission reduction and the re-

tailer shares forecast information, the equilibrium solutions of the decision variables are 
obtained as follows: 

𝑤𝑤𝐵𝐵𝐵𝐵 =
𝑡𝑡(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2(𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃) − 2(1 + 𝑟𝑟𝐵𝐵)(𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 − 𝛽𝛽) + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)𝜑𝜑

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑
  

𝑠𝑠𝐵𝐵𝐵𝐵 =
(𝑡𝑡 + 𝛽𝛽)𝛾𝛾(𝑐𝑐(𝑡𝑡 + 𝛽𝛽) + 𝑎𝑎0(−1 + 𝜃𝜃) − 𝑓𝑓𝑓𝑓)

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑
  

𝑝𝑝𝐵𝐵𝐵𝐵 =
𝑡𝑡(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2(𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃) − (1 + 𝑟𝑟𝐵𝐵)�𝑐𝑐(𝑡𝑡 − 3𝛽𝛽) + 3(𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)�𝜑𝜑

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑
  

𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁 =
2𝑡𝑡𝑡𝑡(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − (1 + 𝑟𝑟𝐵𝐵)(8𝑡𝑡𝑡𝑡 + 𝑐𝑐2(𝑡𝑡 + 𝛽𝛽)2 + 2𝑐𝑐(𝑡𝑡 + 𝛽𝛽)(𝑎𝑎0(−1 + 𝜃𝜃) − 𝑓𝑓𝑓𝑓) + (𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)2)𝜑𝜑

2(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 8(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑
  

𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁 =
(1 + 𝑟𝑟𝐵𝐵)2(𝑎𝑎0 − 𝑐𝑐(𝑡𝑡 + 𝛽𝛽) + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)2𝜑𝜑2

((𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑)2   

4.3. Model R: Invest in Carbon-Emission Reduction with a Retailer Loan 

In this section, we discuss when manufacturers choose the retailer loan for carbon-
emission reduction. We denote “RN” and “RS” as the case of no information sharing and 
with information sharing, respectively. 

4.3.1. Case RN 

In this case, the manufacturer borrows funds from the downstream retailer, and the 
interest rate rR is set by the retailer. The loan amount is 𝐿𝐿 = 1

2
𝜑𝜑𝑠𝑠2, and the manufacturer 

repays the principal and interest 𝐿𝐿(1 + 𝑟𝑟𝑅𝑅). The profit maximization problems of the man-
ufacturer and the retailer can then be written as follows: 

𝑚𝑚𝑚𝑚𝑚𝑚
𝑤𝑤,𝑠𝑠

𝐸𝐸(𝜋𝜋𝑚𝑚𝑅𝑅𝑅𝑅) = 𝐸𝐸{[𝑤𝑤(𝑎𝑎0 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠) + 𝑡𝑡(𝑇𝑇 − (𝑐𝑐 − 𝛾𝛾𝛾𝛾)(𝑎𝑎0 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠)) − 𝐿𝐿(1 + 𝑟𝑟𝑅𝑅)]}  
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𝑚𝑚𝑚𝑚𝑚𝑚
𝑝𝑝,𝑟𝑟𝑅𝑅

𝐸𝐸(𝜋𝜋𝑟𝑟𝑅𝑅𝑅𝑅|𝑓𝑓) = 𝐸𝐸�{(𝑝𝑝 − 𝑤𝑤)(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠) + 𝑟𝑟𝑅𝑅𝐿𝐿}�𝑓𝑓�  

Using backward induction and setting 𝜕𝜕𝜋𝜋𝑟𝑟
𝑅𝑅𝑅𝑅

𝜕𝜕𝜕𝜕
= 0, we obtain the retailer’s optimal 

pricing function 𝑝𝑝𝑅𝑅𝑅𝑅 = 𝐴𝐴−𝑤𝑤−𝑐𝑐𝑐𝑐+𝑠𝑠𝑠𝑠𝑠𝑠
2

. Since the retailer does not share its demand forecast, 

the manufacturer’s expected retail price is 𝑝𝑝 = 𝑎𝑎0+𝑤𝑤−𝑐𝑐𝑐𝑐+𝑠𝑠𝑠𝑠𝑠𝑠
2

. Substituting 𝑝𝑝 = 𝑎𝑎0+𝑤𝑤−𝑐𝑐𝑐𝑐+𝑠𝑠𝑠𝑠𝑠𝑠
2

 
into 𝜋𝜋𝑟𝑟𝑅𝑅𝑅𝑅, we then derive the Hessian matrix of the manufacturer’s expected profit with 
respect to w and s: 

𝐻𝐻2 = �
−1

(−𝑡𝑡 + 𝛽𝛽)𝛾𝛾
2

(−𝑡𝑡 + 𝛽𝛽)𝛾𝛾
2

𝑡𝑡𝑡𝑡𝛾𝛾2 − (1 + 𝑟𝑟𝑅𝑅)𝜑𝜑
�  

The determinant of the Hessian is |𝐻𝐻2| = (1 + 𝑟𝑟𝑅𝑅)𝜑𝜑 − 1
4

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2. To ensure the eco-
nomic feasibility of the model, the emission reduction cost parameter must satisfy 𝜑𝜑 >
(𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝑅𝑅)
. Under this condition, 𝐻𝐻1  is negative definite, implying that 𝐸𝐸(𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵), is jointly 

concave in (w, 𝑠𝑠). Solving the first-order conditions 𝜕𝜕𝜋𝜋𝑚𝑚
𝑅𝑅𝑅𝑅

𝜕𝜕𝜕𝜕
= 0, 𝜕𝜕𝜋𝜋𝑚𝑚

𝑅𝑅𝑅𝑅

𝜕𝜕𝜕𝜕
= 0 yields the equilib-

rium wholesale price and the optimal emission reduction level. Substituting these into the 
optimal pricing function, we obtain the equilibrium solutions of the decision variables 
when the manufacturer finances the emission reduction investment through a retailer 
loan and the retailer does not share its demand forecast information. 

𝑤𝑤𝑅𝑅𝑅𝑅 =
𝑡𝑡𝑎𝑎0(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2 − 2(1 + 𝑟𝑟𝑅𝑅)�𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 − 𝛽𝛽)�𝜑𝜑

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑
  

𝑠𝑠𝑅𝑅𝑅𝑅 =
(𝑡𝑡 + 𝛽𝛽)�−𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 + 𝛽𝛽)�𝛾𝛾
(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑

  

𝑝𝑝𝑅𝑅𝑅𝑅 =
(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2(2𝑡𝑡𝑡𝑡 + (𝑓𝑓 − 𝑎𝑎0)(𝑡𝑡 + 𝛽𝛽)𝜃𝜃) − 2(1 + 𝑟𝑟𝑅𝑅)(𝑐𝑐(𝑡𝑡 − 3𝛽𝛽) + 𝑎𝑎0(3 − 2𝜃𝜃) + 2𝑓𝑓𝑓𝑓)𝜑𝜑

2(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 8(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑
  

𝜋𝜋𝑚𝑚𝑅𝑅𝑅𝑅 =
2𝑡𝑡𝑡𝑡(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − (1 + 𝑟𝑟𝑅𝑅)(8𝑡𝑡𝑡𝑡 + 𝑎𝑎02 − 2𝑐𝑐𝑎𝑎0(𝑡𝑡 + 𝛽𝛽) + 𝑐𝑐2(𝑡𝑡 + 𝛽𝛽)2)𝜑𝜑

2(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 8(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑
  

𝜋𝜋𝑟𝑟𝑅𝑅𝑅𝑅 =
2𝑟𝑟𝑅𝑅(𝑡𝑡 + 𝛽𝛽)2�𝑎𝑎0 − 𝑐𝑐(𝑡𝑡 + 𝛽𝛽)�2𝛾𝛾2𝜑𝜑 + �(𝑓𝑓 − 𝑎𝑎0)(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2𝜃𝜃 + 2(1 + 𝑟𝑟𝑅𝑅)�𝑐𝑐(𝑡𝑡 + 𝛽𝛽) − 2𝑓𝑓𝑓𝑓 + 𝑎𝑎0(−1 + 2𝜃𝜃)�𝜑𝜑�

2

4((𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑)2   

4.3.2. Case RS 

In the RS case, both parties make decisions based on conditional expectation 𝐴𝐴, and 
the profit maximization problems of the manufacturer and the retailer can be, respectively, 
written as: 

𝑚𝑚𝑚𝑚𝑚𝑚
𝑤𝑤,𝑠𝑠

𝐸𝐸(𝜋𝜋𝑚𝑚𝑅𝑅𝑅𝑅|𝑓𝑓) = 𝐸𝐸�[𝑤𝑤(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠) + 𝑡𝑡�𝑇𝑇 − (𝑐𝑐 − 𝛾𝛾𝛾𝛾)(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠)� − 𝐿𝐿(1 + 𝑟𝑟𝑅𝑅)]�𝑓𝑓�  

𝑚𝑚𝑚𝑚𝑚𝑚
𝑝𝑝,𝑟𝑟𝑅𝑅

𝐸𝐸(𝜋𝜋𝑟𝑟𝑅𝑅𝑅𝑅|𝑓𝑓) = 𝐸𝐸{(𝑝𝑝 − 𝑤𝑤)(𝐴𝐴 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠) + 𝑟𝑟𝑅𝑅𝐿𝐿|𝑓𝑓}  

Since the derivation process is analogous to that in the RN case, it is omitted here for 
brevity. By solving the optimization problems for both parties, we obtain the equilibrium 
solutions for the decision variables and profits. For clarity and ease of comparison, the 
complete set of equilibrium outcomes for all scenarios is summarized in Table A3 in Ap-
pendix A. 
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𝑤𝑤𝑅𝑅𝑅𝑅 =
𝑡𝑡(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2(𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃) − 2(1 + 𝑟𝑟𝑅𝑅)(𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 − 𝛽𝛽) + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)𝜑𝜑

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑
  

𝑠𝑠𝑅𝑅𝑅𝑅 =
(𝑡𝑡 + 𝛽𝛽)𝛾𝛾(𝑐𝑐(𝑡𝑡 + 𝛽𝛽) + 𝑎𝑎0(−1 + 𝜃𝜃) − 𝑓𝑓𝑓𝑓)

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑
  

𝑝𝑝𝑅𝑅𝑅𝑅 =
𝑡𝑡(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2(𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃) − (1 + 𝑟𝑟𝑅𝑅)�𝑐𝑐(𝑡𝑡 − 3𝛽𝛽) + 3(𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)�𝜑𝜑

(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑
  

𝜋𝜋𝑚𝑚𝑅𝑅𝑅𝑅 =
2𝑡𝑡𝑡𝑡(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − (1 + 𝑟𝑟𝑅𝑅)(8𝑡𝑡𝑡𝑡 + 𝑐𝑐2(𝑡𝑡 + 𝛽𝛽)2 + 2𝑐𝑐(𝑡𝑡 + 𝛽𝛽)(𝑎𝑎0(−1 + 𝜃𝜃) − 𝑓𝑓𝑓𝑓) + (𝑎𝑎0 + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)2)𝜑𝜑

2(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 8(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑
  

𝜋𝜋𝑟𝑟𝑅𝑅𝑅𝑅 =
(𝑎𝑎0 − 𝑐𝑐(𝑡𝑡 + 𝛽𝛽) + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)2𝜑𝜑(𝑟𝑟𝑅𝑅(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 + 2(1 + 𝑟𝑟𝑅𝑅)2𝜑𝜑)

2((𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑)2   

5. Analysis of Model Result 
5.1. Analysis of the Retailer’s Information Sharing Decision 

5.1.1. Equilibrium Regions of the Retailer’s Information Sharing Strategy 

To gain deeper insight into how the cost structure of different financing channels 
dynamically constrains the retailer’s information-sharing boundary, this section conducts 
a comparative static analysis. While holding the bank financing interest rate constant at 
𝑟𝑟𝐵𝐵 = 0.5, we vary the trade credit interest rate 𝑟𝑟𝑅𝑅 ∈ {0.2,0.5,0.8} to simulate three typical 
market environments: trade credit disadvantage, interest rate parity, and trade credit ad-
vantage. Under the equilibrium existence conditions of the model, the parameters are set 
as 𝑐𝑐 = 1,𝑇𝑇 = 2, 𝑡𝑡 = 1.5,𝛽𝛽 = 0.5, 𝛾𝛾 = 0.5, 𝑥𝑥 = 4, 𝜃𝜃 = 0.5 . The resulting evolutionary pat-
terns of the retailer’s information-sharing strategy are illustrated in Figure 2. In this figure, 
the shaded and unshaded regions correspond to the retailer’s sharing and non sharing 
decisions, respectively, while the differently colored boundary lines depict the critical 
thresholds at which strategy switching occurs. 
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Figure 2. Evolution of Equilibrium Regions for the Retailer’s Information Sharing Strategy under 
Varying Trade Credit Interest Rates 𝑟𝑟𝑅𝑅. (Note: The blue region represents BS strategy, the orange 
region represents RS strategy, and the dashed lines denote the thresholds of 𝑟𝑟𝑅𝑅.) (Source: Numerical 
analysis by the authors). 

Figure 2 illustrates the evolutionary trajectory of the equilibrium strategy regions 
driven by changes in financing costs. The blue (BS) and orange (RS) regions denote the 
feasible zones for information sharing under Bank Credit and Trade Credit financing, re-
spectively. The dark overlapping area indicates the robust range where retailers would 
share information under both financing models. 

Figure 2 illustrates the evolutionary trajectory of the equilibrium strategy regions 
driven by changes in financing costs. Here, the orange region represents the Retailer Shar-
ing strategy under Trade Credit (RS), while the blue region represents the Bank Financing 
strategy (BS). A distinct pattern emerges from Figure 2: As the trade credit interest rate 𝑟𝑟𝑅𝑅 
decreases from 0.8 to 0.2 (indicating an increasing financing advantage), the orange region 
(RS) exhibits a significant expansion. 

This observation suggests that lower internal financing costs effectively lower the 
threshold for the retailer to share information. When 𝑟𝑟𝑅𝑅  is significantly lower than 𝑟𝑟𝐵𝐵 
(e.g., 𝑟𝑟𝐵𝐵 = 0.2), the trade credit mode not only incentivizes the manufacturer’s abatement 
investment through risk-sharing mechanisms but also “compensates” the retailer for po-
tential losses due to information leakage via lower capital costs. Consequently, this sub-
stantially expands the Pareto improvement zone where financing, carbon reduction, and 
information sharing can be synergized within the supply chain. 

Second, the structural impact of emission reduction efficiency on information-shar-
ing incentives: a critical threshold exists for the investment cost coefficient 𝜑𝜑 (around 
𝜑𝜑 = 0.35), which bifurcates the information sharing strategy into two distinct regimes. 

In the high-efficiency regime (low 𝜑𝜑, left side): Information sharing is predominantly 
concentrated in the region of high market forecasts (high 𝑓𝑓). As established in our theo-
retical model, when abatement technology is cost-efficient, manufacturers favor a “small 
profits, quick turnover” strategy. Consequently, sharing optimistic market information 
incentivizes the manufacturer to scale up investment and lower wholesale prices, yielding 
a Pareto improvement. 

In the low-efficiency regime (high 𝜑𝜑, right side): The sharing region “flips,” concen-
trating mainly in areas of low to moderate market forecasts (low 𝑓𝑓). Under high abate-
ment costs, manufacturers tend to exploit information to set higher wholesale prices for 
profit retention. If the retailer shares overly optimistic information in this scenario, it may 
backfire by triggering a sharp hike in wholesale prices. Thus, retailers are strategically 
motivated to share information primarily under pessimistic expectations to transfer in-
ventory risk upstream. 

In summary, the choice of financing mode is not merely a calculation of explicit in-
terest costs but implicitly determines the supply chain’s information transparency. When 
Trade Credit holds a comparative interest rate advantage, it effectively widens the “safe 
zone” for information sharing, thereby facilitating manufacturer green investment in 
more complex market environments. 

5.1.2. Theoretical Analysis of the Information-Sharing Thresholds 

To determine the retailer’s optimal information sharing strategy, we compare their 
profits in the sharing versus non-sharing scenarios under each financing mode. This anal-
ysis allows us to identify the critical thresholds for the retailers’ forecast value for market 
demand (𝑓𝑓) and the retailer’s information accuracy (𝜑𝜑), which make information sharing 
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the superior choice. The detailed mathematical derivations of these thresholds are pro-
vided in Appendix B. Based on this analysis, the retailer’s equilibrium decision is formally 
characterized in the following theorem. 

Theorem 1. The retailer’s information sharing decision is characterized by specific threshold con-
ditions as follows: 

Under the no-investment scenario: The retailer shares demand information when 𝑓𝑓 ∈
(f1, a0); otherwise, the retailer does not. 

(ii) Under the bank credit financing (BCF) scenario: (a) If 𝜑𝜑1 < 𝜑𝜑 < 𝜑𝜑2, the retailer shares 
information only when f > a0 ; (b) if 𝜑𝜑 > 𝜑𝜑2, the retailer shares information only when 𝑓𝑓 ∈
(f2, a0); otherwise, the retailer does not share. 

Under the trade credit financing (TCF) scenario: (a) If 𝜑𝜑0 < 𝜑𝜑 < 𝜑𝜑3, the retailer shares in-
formation only when f > a0 ; (b) if 𝜑𝜑3 < 𝜑𝜑 < 𝜑𝜑4 , the retailer shares information when 𝑓𝑓 ∈
(a0, f3); (c) if 𝜑𝜑4 < 𝜑𝜑 < 𝜑𝜑5, the retailer shares information when 𝑓𝑓 ∈ (f3, a0); otherwise, the re-
tailer does not share. (where φ0 = (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝑅𝑅)
,φ1 = (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝐵𝐵)
,φ2 = (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

2(1+𝑟𝑟𝐵𝐵)
,φ3 =

�4+5𝑟𝑟𝑅𝑅+�4+𝑟𝑟𝑅𝑅(16+13𝑟𝑟𝑅𝑅)�(𝑡𝑡+𝛽𝛽)2𝛾𝛾2

12(1+𝑟𝑟𝑅𝑅)2
,φ4 = (1+2𝑟𝑟𝑅𝑅)(𝑡𝑡+𝛽𝛽)2𝛾𝛾2

2(1+𝑟𝑟𝑅𝑅)2
,φ5 =

�2+5𝑟𝑟𝑅𝑅+�𝑅𝑅(4+13𝑟𝑟𝑅𝑅)�(𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝑅𝑅)2
, f1 =

𝑐𝑐𝑐𝑐−𝑎𝑎0+𝑐𝑐𝑐𝑐+2𝑎𝑎0𝜃𝜃
2𝜃𝜃

, 𝑓𝑓2 = 𝑎𝑎0(𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜃𝜃−2(1+𝑟𝑟𝐵𝐵)�𝑐𝑐(𝑡𝑡+𝛽𝛽)+𝑎𝑎0(−1+2𝜃𝜃)�𝜑𝜑
(𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜃𝜃−4(1+𝑟𝑟𝐵𝐵)𝜃𝜃𝜃𝜃

, 𝑓𝑓3 =
𝑎𝑎0(𝑡𝑡+𝛽𝛽)4𝛾𝛾4𝜃𝜃−2(𝑡𝑡+𝛽𝛽)2𝛾𝛾2�2(1+2𝑟𝑟𝑅𝑅)�−𝑎𝑎0+𝑐𝑐(𝑡𝑡+𝛽𝛽)�+(4+5𝑟𝑟𝑅𝑅)𝑎𝑎0𝜃𝜃�𝜑𝜑+4(1+𝑟𝑟𝑅𝑅)2�2𝑐𝑐(𝑡𝑡+𝛽𝛽)+𝑎𝑎0(−2+3𝜃𝜃)�𝜑𝜑2

𝜃𝜃((𝑡𝑡+𝛽𝛽)4𝛾𝛾4−2(4+5𝑟𝑟𝑅𝑅)(𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜑𝜑+12(1+𝑟𝑟𝑅𝑅)2𝜑𝜑2)
) 

Theorem 1 reveals that the retailer’s information sharing decision is not a binary static 
choice; rather, it is jointly constrained by the market signal 𝑓𝑓, the baseline market size 𝑎𝑎0, 
the manufacturer’s carbon emission reduction investment cost coefficient 𝜑𝜑, and the fi-
nancing mode, exhibiting distinct interval characteristics. 

Essentially, the aforementioned thresholds 𝑓𝑓1, 𝑓𝑓2 and 𝑓𝑓3  define the “break-even 
points” for the retailer’s willingness to disclose private information. Although these 
thresholds theoretically depict static sharing boundaries, in the operations of a realistic 
green supply chain, the retailer’s ability to acquire market intelligence (i.e., the forecasting 
accuracy 𝜃𝜃) often varies dynamically due to factors such as market data quality, infor-
mation system capabilities, and experience accumulation. Such variations in forecasting 
accuracy directly affect the retailer’s judgment of market signals, thereby altering the crit-
ical points for information sharing. 

Motivated by this, this section investigates how the boundaries of the retailer’s in-
centive to disclose information respond to more precise market information by analyzing 
the partial derivatives of the thresholds 𝑓𝑓1, 𝑓𝑓2  and 𝑓𝑓3 with respect to the forecasting ac-
curacy 𝜃𝜃. Furthermore, we elucidate the economic intuition underlying these responses. 

∂f1
∂𝜃𝜃

= −
2�−𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 + 𝛽𝛽)�

3𝜃𝜃2
> 0  

∂f2
∂𝜃𝜃

=
4(1 + 𝑟𝑟𝐵𝐵)�−𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 + 𝛽𝛽)�𝜑𝜑
𝜃𝜃2((𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 6(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑) > 0  

∂f3
∂𝜃𝜃

=
4(−𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 + 𝛽𝛽))𝜑𝜑((1 + 2𝑟𝑟𝑅𝑅)(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 2(1 + 𝑟𝑟𝑅𝑅)2𝜑𝜑)
𝜃𝜃2((𝑡𝑡 + 𝛽𝛽)4𝛾𝛾4 − 2(4 + 5𝑟𝑟𝑅𝑅)(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2𝜑𝜑 + 12(1 + 𝑟𝑟𝑅𝑅)2𝜑𝜑2)

�> 0 φ0 < 𝜑𝜑 < φ3 𝑜𝑜𝑜𝑜 𝜑𝜑 > φ4
< 0 φ3 < 𝜑𝜑 < φ4   

Specifically, ∂f1
∂𝜃𝜃

> 0 and ∂f2
∂𝜃𝜃

> 0 imply that as the retailer’s forecasting accuracy im-
proves, the threshold for sharing information rises synchronously. This suggests that 
higher forecasting accuracy enhances the retailer’s confidence in market judgment, mak-
ing the information sharing behavior more cautious and rational. 

However, the threshold 𝑓𝑓3 under the trade credit financing mode exhibits a more 
complex non-monotonic characteristic. Although its trend remains consistent with 𝑓𝑓1 
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and 𝑓𝑓2 within the extremely low (φ1 < 𝜑𝜑 < φ3) or relatively high (𝜑𝜑 > φ4) investment 
cost intervals, we observe a counter-intuitive phenomenon where ∂f3

∂𝜃𝜃
< 0 in the moderate 

cost interval (φ3 < 𝜑𝜑 < φ4). This indicates that the retailer’s information sharing response 
is more sensitive under moderate financing constraints. The finding suggests that when 
the manufacturer faces moderate financial and emission reduction pressures, high-preci-
sion forecasting capability prompts the retailer to adopt a more aggressive openness strat-
egy—initiating information sharing at lower demand signals—to “lock in” the manufac-
turer’s emission reduction decision through trade credit. 

To verify the robustness of the aforementioned theoretical derivations and intuitively 
visualize this dynamic evolutionary trajectory, we further conduct a numerical sensitivity 
analysis. The benchmark parameters are set as 𝑐𝑐 = 1,𝑇𝑇 = 2, 𝑡𝑡 = 1.5,𝛽𝛽 = 0.5,𝛾𝛾 = 0.5, 𝑥𝑥 =
4, 𝑟𝑟𝑅𝑅 = 𝑟𝑟𝐵𝐵 = 0.5, with three levels of forecasting accuracy selected as 𝜃𝜃 ∈ {0.45,0.50,0.55}. 
Figures 3 and 4 depict the evolutionary paths of the information sharing threshold curves 
with respect to the forecasting accuracy 𝜃𝜃 under the bank credit financing (BCF) and 
trade credit financing (TCF) modes, respectively (where the green solid line, blue dashed 
line, and red solid line correspond to the variation in forecasting accuracy from low to 
high). 

 

Figure 3. Impact of forecast accuracy θ on the information sharing region under BCF. (Source: Nu-
merical analysis by the authors). 
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Figure 4. Impact of forecast accuracy θ on the information sharing region under TCF. (Source: Nu-
merical analysis by the authors). 

Observing Figure 5 and Figure 6, it is evident that regardless of the financing mode 
adopted by the manufacturer, as the retailer’s forecasting accuracy evolves from a low to 
a high level, the critical boundary lines for information sharing exhibit a significant mon-
otonic upward shift. This implies that the upper region representing the “sharing strat-
egy” is compressed; in other words, the necessary conditions for information sharing to 
occur become more stringent (requiring a higher market demand forecast value 𝑓𝑓). 

 

Figure 5. Impact of information sharing on financing advantage. (Source: Numerical analysis by the 
authors). 
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Figure 6. Impact of carbon trading price on wholesale price under different scenarios. (Source: Nu-
merical analysis by the authors). 

5.2. Impact of Information Sharing on Investment Decisions 

5.2.1. Impact of Information Sharing on Carbon Emission Reduction Investment Levels 

This section focuses on the core question: How does the downstream retailer’s infor-
mation sharing strategy reshape the carbon emission reduction investment behavior of 
the capital-constrained manufacturer? Based on the equilibrium results derived previ-
ously, by comparing the optimal investment levels under different information structures 
(𝑁𝑁 vs. 𝑆𝑆) and different market expectations (𝑓𝑓 vs.𝑎𝑎0), we obtain the following theorem and 
in-depth analysis. 

Theorem 2. Regardless of whether it is under BCF or TCF, when the forecast information shared 
by the retailer with the manufacturer is optimistic (pessimistic), the level of carbon emission reduc-
tion investment increases (decreases). 

Let ∆sB = sBS−sBN and ∆sR = sRS−sRN denote the investment increment brought by in-
formation sharing. The following properties hold: 
(i) When the market expectation is optimistic ((𝑓𝑓 > 𝑎𝑎0), we have sBS > sBN and sRS > sRN. 

That is, information sharing significantly enhances the manufacturer’s emission reduction 
investment level, and the larger 𝑓𝑓 is, the more pronounced the enhancement becomes. 

(ii) When the market expectation is pessimistic (𝑓𝑓 < 𝑎𝑎0), we have sBS < sBN and sRS < sRN. 
That is, information sharing significantly suppresses the manufacturer’s emission reduction 
investment level, and the smaller 𝑓𝑓 is, the more pronounced the suppression becomes. 

Theorem 2 reveals the distinct roles played by information sharing under different 
market scenarios: 

When the retailer forecasts an optimistic market demand (𝑓𝑓 > 𝑎𝑎0 ), the manufac-
turer’s posterior belief in high market demand is reinforced. This certainty eliminates the 
ambiguity of investment returns, emboldening the manufacturer to enhance the product’s 
low-carbon attributes by increasing the R&D investment 𝑠𝑠 in green technology. 

When the retailer forecasts pessimistic market demand (𝑓𝑓 < 𝑎𝑎0), information sharing 
transmits a negative signal. Under information opacity (N), the manufacturer might 
blindly maintain a high investment budget based on the prior 𝑎𝑎0, leading to severe re-
source mismatch and inventory backlog. However, once informed of the pessimistic fore-
cast, a rational manufacturer quickly identifies the risk that “high input is difficult to re-
cover,” thereby proactively cutting non-productive investments. Although this decline in 
investment level numerically appears as a weakening of emission reduction efforts, it is 
essentially a “defensive strategy” for the firm to avoid rupturing the capital chain and to 
preserve cash flow, reflecting the correction effect of information on ineffective invest-
ments. 
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5.2.2. Impact of Information Sharing on Decision Variables 

Theorem 3. The impacts of information sharing on pricing decisions are summarized as follows: 
In the absence of investment: When the retailer shares optimistic (pessimistic) information, 

both the wholesale price 𝑤𝑤 and the retail price 𝑝𝑝 increase (decrease). 
Under BCF: When the retailer shares optimistic (pessimistic) information: The wholesale 

price 𝑤𝑤 increases (decreases) if φ > φ6, and decreases (increases) if φ < φ6. The retail price 𝑝𝑝 
increases (decreases) if φ > φ7 , and decreases (increases) if φ < φ7 . (Where φ6 =
t(𝑡𝑡+𝛽𝛽)𝛾𝛾2

2(1+𝑟𝑟𝐵𝐵)
,φ7 = t(𝑡𝑡+𝛽𝛽)𝛾𝛾2

2(1+𝑟𝑟𝑅𝑅)
). 

Under TCF: When the retailer shares optimistic (pessimistic) information: The wholesale 
price 𝑤𝑤 increases (decreases) if φ > φ8, and decreases (increases) if φ < φ8. The retail price 𝑝𝑝 
increases (decreases) if φ > φ9 , and decreases (increases) if φ < φ9 . (where φ8 =
(𝑡𝑡2−𝛽𝛽2)𝛾𝛾2

2(1+𝑟𝑟𝐵𝐵)
,φ9 = (𝑡𝑡2−𝛽𝛽2)𝛾𝛾2

2(1+𝑟𝑟𝑅𝑅)
). 

Analysis of the Results: 
For the no-investment case, we have 𝑤𝑤𝑁𝑁𝑁𝑁 − 𝑤𝑤𝑁𝑁𝑁𝑁 = (𝑓𝑓−𝑎𝑎0)𝜃𝜃

2
 and 𝑝𝑝𝑁𝑁𝑁𝑁 − 𝑝𝑝𝑁𝑁𝑁𝑁 = (𝑓𝑓−𝑎𝑎0)𝜃𝜃

4
. It is 

evident that the sign depends only on (𝑓𝑓 − 𝑎𝑎0). 
For the BCF case, we derive: 

𝑤𝑤𝐵𝐵𝐵𝐵 − 𝑤𝑤𝐵𝐵𝐵𝐵 =
(𝑓𝑓 − 𝑎𝑎0)𝜃𝜃(2(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑 − 𝑡𝑡(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2)

4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑 − (𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2
  

𝑝𝑝𝐵𝐵𝐵𝐵 − 𝑝𝑝𝐵𝐵𝐵𝐵 =
(𝑓𝑓 − 𝑎𝑎0)𝜃𝜃(2(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑 − (𝑡𝑡 − 𝛽𝛽)(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2)

2(4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑 − (𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2)
  

Given the condition φ > (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝐵𝐵)
, the signs of 𝑤𝑤𝐵𝐵𝐵𝐵 − 𝑤𝑤𝐵𝐵𝐵𝐵 and 𝑝𝑝𝐵𝐵𝐵𝐵 − 𝑝𝑝𝐵𝐵𝐵𝐵 are identical to 

that of (𝑓𝑓 − 𝑎𝑎0) under the specified threshold conditions. 
Similarly, for the TCF case, we have: 

𝑤𝑤𝑅𝑅𝑅𝑅 − 𝑤𝑤𝑅𝑅𝑅𝑅 =
(𝑓𝑓 − 𝑎𝑎0)𝜃𝜃(2(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑 − 𝑡𝑡(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2)

4(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑 − (𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2
,  

𝑝𝑝𝑅𝑅𝑅𝑅 − 𝑝𝑝𝑅𝑅𝑅𝑅 =
(𝑓𝑓 − 𝑎𝑎0)𝜃𝜃(2(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑 − (𝑡𝑡 − 𝛽𝛽)(𝑡𝑡 + 𝛽𝛽)𝛾𝛾2)

2(4(1 + 𝑟𝑟𝑅𝑅)𝜑𝜑 − (𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2)
  

Since 𝜑𝜑 > (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝑅𝑅)
 , the signs of 𝑤𝑤𝑅𝑅𝑅𝑅 − 𝑤𝑤𝑅𝑅𝑅𝑅  and 𝑝𝑝𝑅𝑅𝑅𝑅 − 𝑝𝑝𝑅𝑅𝑅𝑅  are also determined by 

(𝑓𝑓 − 𝑎𝑎0) under the corresponding conditions. 

According to Theorem 3, the impact of the retailer sharing optimistic or pessimistic 
market forecast information on supply chain pricing strategies (wholesale price 𝑤𝑤 and 
retail price 𝑝𝑝) depends on the relative relationship between the emission reduction cost 
coefficient 𝜑𝜑 and specific thresholds. 

First, in the benchmark case without investment, the impact of information sharing 
on pricing exhibits a simple positive correlation. When the retailer shares optimistic (pes-
simistic) information, both the upstream manufacturer and the downstream retailer in-
crease (decrease) their prices. This is because, in the absence of emission reduction invest-
ment decisions, market demand is driven solely by the forecast signal 𝑓𝑓. Optimistic infor-
mation directly implies a higher willingness to pay among consumers, prompting both 
firms to raise prices to extract market surplus. 

Second, upon introducing carbon emission reduction investment (BCF and TCF), the 
pricing strategy becomes more complex, exhibiting significant threshold characteristics. 
Taking the manufacturer’s wholesale price 𝑤𝑤 under BCF as an example: 
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(i) When the emission reduction cost is relatively high (𝜑𝜑 > 𝜑𝜑6), sharing optimistic in-
formation leads to an increase in the wholesale price. This is because a large cost 
coefficient implies an extremely high marginal cost for the manufacturer to improve 
green technology, resulting in low “abatement efficiency.” Facing optimistic market 
expectations, constrained by the prohibitive marginal cost of investment, it is difficult 
for the manufacturer to effectively capture market opportunities by substantially in-
creasing emission reduction levels. Consequently, his optimal decision logic shifts to 
“profit retention”: leveraging the optimistic signal transmitted by the retailer, he 
raises the wholesale price to increase the marginal revenue per unit, thereby ensuring 
that the financing interest and production costs are prioritized and covered under 
limited sales volume, thus reducing the risk of a capital chain rupture. 

(ii) Conversely, when the emission reduction cost is relatively low (φ < φ6), the manu-
facturer possesses a significant R&D advantage. According to the demand function 
𝑞𝑞 = 𝑎𝑎 − 𝑝𝑝 − 𝛽𝛽𝑐𝑐𝑠𝑠  (where 𝑐𝑐𝑠𝑠 = 𝑐𝑐 − 𝛾𝛾𝛾𝛾), increasing the abatement level 𝑠𝑠 can signifi-
cantly stimulate demand. Facing optimistic expectations, the manufacturer is more 
inclined to adopt a “high-volume, low-margin” strategy: proactively lowering the 
wholesale price 𝑤𝑤 to incentivize the retailer to increase orders, and expanding mar-
ket share through efficient abatement investment, ultimately maximizing profits 
through substantial sales growth. 

Third, regarding the retail price 𝑝𝑝, the retailer’s pricing response demonstrates a sim-
ilar threshold effect to that of the wholesale price. When the abatement cost coefficient 
exceeds the threshold (𝜑𝜑 > 𝜑𝜑7), influenced by the pass-through effect of the upstream 
wholesale price increase, the retailer raises the retail price after sharing optimistic infor-
mation. Conversely, when the coefficient is below the threshold (𝜑𝜑 < 𝜑𝜑7), to align with 
the manufacturer’s “high-volume, low-margin” strategy and accommodate the expanded 
market demand, the retailer chooses to lower the retail price. Similarly, the reverse price 
trends when the retailer shares pessimistic information can be explained by analogous 
logic. 

Finally, Theorem 3 indicates that the financing mode plays a modulating role in de-
fining pricing boundaries. Comparing the BCF and TCF scenarios, we find that the thresh-
old expressions (e.g., 𝜑𝜑6 and 𝜑𝜑8) contain (1 + 𝑟𝑟𝐵𝐵) and (1 + 𝑟𝑟𝑅𝑅), respectively. This implies 
that differences in financing costs shift the critical points for strategy switching. For in-
stance, when the trade credit interest rate is lower (𝑟𝑟𝑅𝑅 < 𝑟𝑟𝐵𝐵), the manufacturer is capable 
of maintaining the low-price strategy over a wider cost interval. This suggests that low-
cost financing not only alleviates financial pressure but also, by altering pricing thresh-
olds, encourages the supply chain to exhibit stronger price resilience and a greater will-
ingness for market expansion in the face of information shocks. 

5.3. Manufacturer’s Financing Mode Selection Strategy 

This section first analyzes the impact of carbon emission reduction investment on the 
manufacturer’s profit to verify the economic feasibility of green financing. Subsequently, 
we explore the manufacturer’s optimal financing choice between bank credit and trade 
credit under different information sharing scenarios. 

5.3.1. Economic Value Analysis of Carbon Emission Reduction Investment 

To investigate whether the manufacturer should undertake carbon emission reduc-
tion investment, we compare the manufacturer’s equilibrium profits under bank credit 
financing (BN, BS) and trade credit financing (RN, RS) with those under the no-investment 
benchmark scenarios (NN, NS). Based on our calculations, we derive the following theo-
rem. 
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Theorem 4. Regardless of whether the retailer shares demand information, compared to not in-
vesting in carbon emission reduction, it is always more profitable for the manufacturer to invest in 
emission reduction through external financing. That is, 𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵 > 𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁 , 𝜋𝜋𝑚𝑚𝑅𝑅𝑅𝑅 > 𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁 , 𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵 > 𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁 , 
and 𝜋𝜋𝑚𝑚𝑅𝑅𝑅𝑅 > 𝜋𝜋𝑚𝑚𝑁𝑁𝑁𝑁. 

Theorem 4 indicates that, driven by the dual forces of the Cap-and-Trade mechanism 
and consumers’ green preferences, emission reduction investment is no longer merely a 
compliance cost burden for the manufacturer but has transformed into a strategic asset 
capable of generating excess value. Although external financing (whether bank credit or 
trade credit) introduces interest costs and R&D for abatement technologies requires high 
fixed inputs, this strategy triggers two positive revenue mechanisms: 

(i) The low-carbon label significantly enhances product competitiveness in the end mar-
ket, where sales growth driven by increased consumer willingness to pay is sufficient 
to cover the marginal costs of financing. 

(ii) Carbon emission reduction effectively reduces carbon tax expenditures per unit or 
increases revenue from selling surplus carbon quotas. 

5.3.2. Modulating Effect of Information Sharing on Financing Advantages 

Let Δ𝜋𝜋𝑖𝑖 = 𝜋𝜋𝑚𝑚𝑅𝑅𝑅𝑅 − 𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵 , (i = N, S) denote the manufacturer’s profit difference between 
the two financing modes under information no-sharing (N) or sharing (S) scenarios. This 
section investigates whether information sharing alters the relative profitability of differ-
ent financing modes. To answer this question, we define the difference in financing ad-
vantage as: 

Λ = Δ𝜋𝜋𝑆𝑆 − Δ𝜋𝜋𝑁𝑁 = (𝜋𝜋𝑚𝑚𝑅𝑅𝑅𝑅 − 𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵) − (𝜋𝜋𝑚𝑚𝑅𝑅𝑅𝑅 − 𝜋𝜋𝑚𝑚𝐵𝐵𝐵𝐵)  

This indicator reflects the extent to which information sharing “amplifies” or “dimin-
ishes” the profit advantage of retailer financing relative to bank financing compared to an 
information-opaque environment. Λ  can be simplified as: Λ = Δ𝜋𝜋𝑆𝑆 − Δ𝜋𝜋𝑁𝑁 = (𝑟𝑟𝑅𝑅 −
𝑟𝑟𝐵𝐵)(𝑎𝑎0 − 𝑓𝑓)𝛺𝛺1, where 𝛺𝛺1 = (𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜃𝜃(2𝑐𝑐(𝑡𝑡+𝛽𝛽)+𝑎𝑎0(−2+𝜃𝜃)−𝑓𝑓𝑓𝑓)𝜑𝜑

8(2+𝑟𝑟𝐵𝐵+𝑟𝑟𝑅𝑅)(𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜑𝜑−32(1+𝑟𝑟𝐵𝐵)(1+𝑟𝑟𝑅𝑅)𝜑𝜑2−2(𝑡𝑡+𝛽𝛽)4𝛾𝛾4
> 0. 

Theorem 5. Information sharing creates an asymmetric incentive for the manufacturer’s choice of 
retailer financing. 

Assuming the retailer offers a more favorable loan interest rate (𝑟𝑟𝑅𝑅 < 𝑟𝑟𝐵𝐵), then: 

(i) When the market demand expectation is optimistic (𝑓𝑓 > 𝑎𝑎0), we have Λ > 0. That is, 
information sharing further expands the profit advantage of trade credit financing, 
exerting a positive promoting effect. 

(ii) When the market demand expectation is pessimistic (𝑓𝑓 < 𝑎𝑎0), we have 𝛬𝛬 < 0. That 
is, information sharing narrows the profit gap between the two financing modes. 

The above theoretical derivation reveals the direction of modulation that information 
sharing exerts on financing advantages. To further quantify the intensity of this modula-
tion effect and its specific performance across different market intervals, we conduct a 
numerical simulation with parameters set as 𝑐𝑐 = 1,𝑇𝑇 = 2, 𝑡𝑡 = 1.5,𝛽𝛽 = 0.5,𝛾𝛾 = 0.5, 𝑥𝑥 =
4, 𝜃𝜃 = 0.5, 𝑟𝑟𝐵𝐵 = 0.5 and 𝑟𝑟𝑅𝑅 = 0.3. The results are shown in Figure 7, where the blue solid 
line and the red dashed line depict the evolution of the profit difference under information 
no-sharing and sharing scenarios, respectively. 
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Figure 7. Impact of carbon trading price on investment level under different scenarios. (Source: Nu-
merical analysis by the authors). 

Figure 5 intuitively reveals the non-linear modulation mechanism of information 
sharing on the internal supply chain financing advantage (i.e., the excess return of retailer 
financing relative to bank financing). The vertical axis represents the profit difference Λ 
between the two financing modes, while the blue solid line and the red dashed line corre-
spond to the information no-sharing and sharing scenarios, respectively. 

Observing the blue solid line, it appears as a horizontal line that is insensitive to the 
market forecast signal 𝑓𝑓. This is because, under information opacity, the manufacturer 
cannot access the retailer’s private forecast information and can only formulate a constant 
production and credit plan based on the prior market baseline demand 𝑎𝑎0. 

The red dashed line, however, exhibits a distinct convex growth characteristic and 
undergoes a structural reversal at the critical point 𝑓𝑓 = 𝑎𝑎0: 

(i) When the market expectation is pessimistic (𝑓𝑓 < 𝑎𝑎0), the red dashed line lies below 
the blue solid line, indicating that information sharing narrows the return gap be-
tween the two financing modes. 

(ii) When the market expectation is optimistic (𝑓𝑓 > 𝑎𝑎0), the red dashed line rapidly sur-
passes the blue line and rises exponentially. Precise optimistic information eliminates 
uncertainty, incentivizing the manufacturer to substantially expand the scale of pro-
duction and financing. Since the retailer’s financing rate is set to have a comparative 
advantage, as the financing scale expands, the savings in unit capital costs are ampli-
fied by a multiplier effect through the increased production volume. 

5.4. Sensitivity Analysis of Key Parameters 

5.4.1. Impact of Carbon Trading Price on Manufacturer’s Decision Variables 

This section employs numerical simulation to deeply investigate the sensitivity of the 
supply chain decision variables (wholesale price 𝑤𝑤 and emission reduction investment 
level 𝑠𝑠) to the key exogenous parameter—the carbon trading price 𝑡𝑡. The analysis focuses 
on the differentiated impacts across various financing and information scenarios and de-
rives managerial implications. Based on the assumptions presented earlier and referring 
to parameter settings in related literature, the parameter values are assigned as follows: 
𝑐𝑐 = 1,𝑇𝑇 = 2,𝛽𝛽 = 0.5, 𝑎𝑎0 = 6.72, 𝛾𝛾 = 0.5,𝜑𝜑 = 1 ,𝜃𝜃 = 0.5  and 𝑡𝑡 = 1.5 . To clearly visualize 
the divergence in trends caused by financing cost disparities and ensure the distinctness 
of the results, we specifically set the interest rate parameters with a significant gap: 𝑟𝑟𝐵𝐵 =
0.6 and 𝑟𝑟𝑅𝑅 = 0.1. Furthermore, we select 𝑓𝑓 = 5 (pessimistic expectation) and 𝑓𝑓 = 8 (opti-
mistic expectation) for comparative analysis. 

The impacts of the carbon trading price 𝑡𝑡 on supply chain decisions are summarized 
as follows: 
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Figure 6 illustrates the non-linear impact trajectory of the carbon trading price 𝑡𝑡 on 
the manufacturer’s wholesale pricing strategy 𝑤𝑤. Observing the plots, it is evident that 
the wholesale price does not exhibit a simple linear escalation with rising carbon prices. 
Instead, it is governed by the interplay of market expectations and financing constraints, 
demonstrating a distinct inverted U-shape or diminishing marginal increment. 

First, the cost pass-through mechanism dominates the initial price surge. In the lower 
range of 𝑡𝑡, as the carbon price rises, both the direct cost of purchasing carbon quotas and 
the opportunity cost of holding them increase significantly. To transfer this compliance 
burden, the manufacturer is inclined to raise the wholesale price 𝑤𝑤. However, this posi-
tive transmission exhibits a marked “saturation effect.” Specifically, observing the TCF 
modes (green and orange curves), the curves flatten or even decline once 𝑡𝑡 exceeds a cer-
tain threshold. This occurs because an exorbitant carbon price forces the manufacturer to 
substantially increase emission reduction investment 𝑠𝑠. This high-intensity technological 
innovation significantly lowers the carbon emissions per unit, thereby offsetting the mar-
ginal cost pressure induced by the rising carbon price and creating room for the manufac-
turer to lower prices to secure market share. 

Second, information sharing induces an asymmetric deviation in pricing under dif-
ferent expectations. 

Contrasting panels (a) and (b) reveals that information sharing (red and orange lines) 
acts as an “amplifier” for pricing strategies. 

Under pessimistic expectations (𝑓𝑓 = 5), the wholesale price after sharing is signifi-
cantly lower than that under no-sharing (𝑤𝑤𝑆𝑆 < 𝑤𝑤𝑁𝑁). The disclosure of pessimistic signals 
eliminates the possibility of the manufacturer pricing blindly based on a high prior de-
mand (𝑎𝑎0), compelling a rational downward price adjustment to align with the sluggish 
actual demand. This reflects the “correction effect” of information. 

Conversely, under optimistic expectations (𝑓𝑓 = 8), the wholesale price after sharing 
surpasses the no-sharing scenario (𝑤𝑤𝑆𝑆 > 𝑤𝑤𝑁𝑁). The confirmed optimistic signal endows the 
manufacturer with stronger pricing power, emboldening him to set a higher wholesale 
price to extract the surging consumer surplus downstream. 

Finally, the financing mode exerts a heterogeneous modulation on price sensitivity. 
Compared to bank financing (blue lines), the wholesale price curves under trade credit 
(green and orange lines) exhibit an inflection point earlier. This suggests that within a 
vertical financing relationship, to ensure the retailer (as the creditor) can successfully re-
cover funds, the manufacturer is more inclined to adopt a robust “price-for-volume” strat-
egy rather than merely transferring costs through price hikes when facing high carbon 
price shocks. 

Figure 7 illustrates the impact of the carbon trading price 𝑡𝑡 on the emission reduc-
tion investment level 𝑠𝑠. 

Overall, as 𝑡𝑡 increases, the marginal benefit of abatement investment (i.e., the sav-
ings in carbon tax or the increased revenue from selling carbon quotas) rises. This incen-
tivizes the manufacturer to scale up green inputs, thereby validating the effectiveness of 
the carbon market mechanism. However, the investment logic diverges significantly 
across different scenarios. 

(i) When the actual market demand is pessimistic, we observe a counter-intuitive phe-
nomenon: the investment level under the RN strategy (retailer financing without in-
formation sharing) is unexpectedly the highest. In the RN scenario, the manufacturer 
benefits from low-cost capital support but remains unaware of the impending market 
contraction. Consequently, he continues to maintain a high level of investment based 
on the prior belief 𝑎𝑎0. Conversely, in the RS scenario, the manufacturer realizes that 
high inputs cannot be recovered through high sales volume, prompting a “rational” 
and substantial cut in investment to mitigate risks. 
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(ii) When the market information is optimistic, the RS mode (retailer financing with in-
formation sharing) demonstrates an absolute investment advantage, with its curve 
positioned at the top and featuring the steepest slope. This outcome results from a 
positive synergy between “capital advantage” and “information advantage.” On the 
one hand, the low-interest loans provided by the retailer lower the financing barrier; 
on the other hand, precise optimistic information eliminates the uncertainty of in-
vestment returns. The combination of these two factors maximizes the stimulation of 
the manufacturer’s emission reduction potential. 

5.4.2. Impact of Forecast Accuracy on Profit and Decision Variables 

This section investigates the marginal impact of the retailer’s forecast accuracy (𝜃𝜃) on 
the supply chain’s economic performance and decision variables. 

Figure 8 illustrates the modulating effect of forecast accuracy 𝜃𝜃 on the manufac-
turer’s profit. 

 

Figure 8. Impact of forecast accuracy on the manufacturer’s profit. (Source: Numerical analysis by 
the authors). 

(i) When market expectations are optimistic, manufacturer profit significantly increases 
as forecast accuracy 𝜃𝜃 improves. The underlying economic logic is that as 𝜃𝜃 ap-
proaches 1, the retailer’s judgment of high demand shifts from “speculation” to “con-
viction.” Under the information sharing (S) scenario, this deterministic optimistic sig-
nal greatly enhances the manufacturer’s production confidence, emboldening him to 
set higher wholesale prices and expand capacity, thereby fully capturing the divi-
dends of market expansion. Consequently, the profit curve under the RS strategy 
(Retailer financing with Sharing) consistently remains at the highest level. This stems 
from the superposition of dual advantages: on the one hand, information sharing 
eliminates the production blindness caused by the “Bullwhip Effect”; on the other 
hand, the low-interest trade credit (𝑟𝑟𝑅𝑅 < 𝑟𝑟𝐵𝐵) provided by the retailer effectively re-
duces financing costs. Therefore, the combination of “high-precision information 
flow + low-cost capital flow” constitutes the optimal driver for the manufacturer’s 
profit growth. 

(ii) Conversely, when market expectations are pessimistic, manufacturer profit exhibits 
a downward trend as forecast accuracy 𝜃𝜃 increases. This phenomenon does not im-
ply that high-precision information carries a negative value; rather, it reflects the 
firm’s “rational retrenchment” in adversity. As the forecast accuracy improves, the 
signal of low demand becomes increasingly credible. To avoid risks associated with 
inventory backlog and capital stagnation, the manufacturer proactively reduces ca-
pacity and lowers wholesale prices. Although this leads to a decline in profit, com-
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pared to the massive sunk costs caused by blind optimism, this loss-mitigation strat-
egy based on precise information maximizes the preservation of the manufacturer’s 
residual earnings. 

It is worth noting that under pessimistic expectations, the slope of the profit curve 
for NS (No financing, Sharing) is relatively flat, whereas the declines under RS and BS are 
more pronounced. This indicates that under financing constraints, precise negative infor-
mation delivers a more direct impact on investment decisions. 

Figure 9 reveals the complex impact of forecast accuracy on the retailer’s profit. 

 

Figure 9. Impact of forecast accuracy on the retailer’s profit. (Source: Numerical analysis by the au-
thors). 

(i) When market demand is pessimistic, retailer profits generally decline as 𝜃𝜃 increases 
due to the contraction of the overall market scale. However, in the high forecast ac-
curacy interval, information sharing strategies (S) gradually outperform no-sharing 
strategies (N) (i.e., 𝑅𝑅𝑅𝑅 > 𝑅𝑅𝑅𝑅,𝑁𝑁𝑁𝑁 > 𝑁𝑁𝑁𝑁). This is because monopolizing pessimistic in-
formation becomes a burden rather than an asset for the retailer. If she conceals the 
pessimistic news, the manufacturer might set an excessively high wholesale price 
based on average expectations, leaving the retailer with negligible profits or even 
losses. By sharing precise pessimistic information, the retailer effectively sends an 
“early warning” to the manufacturer, compelling the upstream partner to proactively 
lower the wholesale price and jointly share the risk of market contraction. 

(ii) Conversely, when market expectations are optimistic, retailer profits increase with 
the improvement in forecast accuracy 𝜃𝜃, stemming from more precise pricing capa-
bilities. However, a critical finding emerges: under identical financing conditions, the 
profit under no information sharing (N) is paradoxically higher than that under shar-
ing (𝑆𝑆) (i.e., 𝑅𝑅𝑅𝑅 < 𝑅𝑅𝑅𝑅,𝑁𝑁𝑁𝑁 < 𝑁𝑁𝑁𝑁). When market demand is optimistic and the forecast 
is precise, if the retailer chooses to share information, the manufacturer will inevita-
bly raise the wholesale price to extract a share of the surplus, thereby compressing 
the retailer’s gross margin. In contrast, by concealing high demand information 
(adopting the 𝑁𝑁 strategy), the retailer can maintain a lower procurement cost and 
monopolize the excess profits brought by market prosperity. Furthermore, the RN 
curve consistently ranks highest, indicating that the retailer profits not only from her 
informational advantage but also from the interest income generated by providing 
loans to the manufacturer. 

Figure 10 reveals the impact of forecast accuracy on the level of carbon emission re-
duction investment. 
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Figure 10. Impact of forecast accuracy on investment level under different strategies. (Source: Nu-
merical analysis by the authors). 

(i) Under pessimistic expectations, as the forecast accuracy 𝜃𝜃 improves, the investment 
levels under both BS and RS scenarios decrease monotonically. This validates the ef-
fectiveness of the “dissuasion” mechanism—the more accurate the forecast, the more 
convinced the manufacturer becomes of the market downturn, and thus the more 
resolutely he executes a contraction strategy. 

(ii) Under optimistic expectations, the BS and RS curves exhibit a significant upward 
trend as 𝜃𝜃 increases. This indicates that higher information precision enhances the 
manufacturer’s trust in the “good news” and boosts his investment confidence. No-
tably, the RS curve features the steepest slope, implying that, supported by financing 
advantages, high-precision information sharing can maximize the manufacturer’s 
abatement potential. 

Literature [36] posits that, without considering capital constraints, information shar-
ing always reduces emissions (Proposition 3). In contrast, by introducing capital con-
straints and financing games, this study finds that the abatement effect of information 
sharing is not absolute. 

In the context of capital constraints, the manufacturer’s investment decisions are 
more sensitive to risk. The core value of information sharing lies in endowing the manu-
facturer with a “demand-based green investment elasticity.” This allows the firm to dy-
namically optimize the allocation efficiency of abatement resources based on precise de-
mand signals. When market demand is optimistic, precise information superimposed 
with the financing advantage of trade credit incentivizes the manufacturer to substantially 
increase capital input in green technology to capture the green premium. Conversely, 
when market demand is pessimistic, the manufacturer can rationally shrink his “green 
front” to avoid capacity idleness and capital stagnation caused by blind abatement. This 
dynamic adjustment mechanism, characterized by strategic flexibility (“advancing or re-
treating based on evidence”), although manifesting as a short-term decline in abatement 
levels under pessimistic expectations, essentially enhances the firm’s financial resilience 
by eliminating ineffective investments. thereby effectively averting the risk of a capital 
chain rupture and providing a more robust path for the long-term survival and sustained 
emission reduction in the green supply chain in a volatile environment. 

Figure 11 illustrates the impact of forecast accuracy 𝜃𝜃 on the wholesale price 𝑤𝑤. 
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Figure 11. Impact of forecast accuracy on wholesale price under different strategies. (Source: Nu-
merical analysis by the authors). 

(i) When market information is pessimistic, the wholesale price exhibits a monotonically 
decreasing trend as forecast accuracy 𝜃𝜃 improves. Once the manufacturer is con-
vinced that end-market demand will contract, his optimal strategy is to proactively 
lower the wholesale price to sustain the retailer’s willingness to order and share the 
downstream sales pressure. This defensive pricing strategy of “trading price for vol-
ume” aims to preserve basic market share by compressing the manufacturer’s own 
profit margins. Furthermore, it is observed that the BS curve lies slightly above the 
RS curve. This is attributed to the higher capital costs under the bank financing mode, 
where the manufacturer is compelled to set a higher wholesale price to cover interest 
expenditures, thereby to some extent weakening the price competitiveness of the 
supply chain. 

(ii) Conversely, when market signals are optimistic, the wholesale price 𝑤𝑤 rises signifi-
cantly with the increase of 𝜃𝜃. In this context, precise optimistic information endows 
the manufacturer with stronger bargaining power. As the certainty of high demand 
strengthens, the manufacturer recognizes the scarcity of his green products in the 
market; consequently, he is inclined to raise the wholesale price to transfer a portion 
of the excess profits derived from market expansion from the retailer to himself. 

5.4.3. Analysis of Carbon Footprint Performance 

This section comprehensively examines the combined effects of the carbon trading 
price 𝑡𝑡 and the forecast accuracy 𝜃𝜃 on the per-unit product carbon footprint 𝐶𝐶. 

Figure 12 illustrates the impact of the carbon trading price 𝑡𝑡 on the per-unit product 
carbon footprint 𝐶𝐶. A general regularity observed across both panels is that 𝐶𝐶 decreases 
monotonically as 𝑡𝑡 rises. This is because the escalating carbon price significantly inflates 
the compliance cost of high emissions, compelling the manufacturer to scale up abatement 
investment 𝑠𝑠, thereby reducing the carbon content at the source. This validates the effec-
tiveness of the carbon pricing mechanism at the micro-level. 
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Figure 12. Impact of carbon trading price on carbon footprint under different scenarios. (Source: 
Numerical analysis by the authors). 

However, a granular comparison between Panel (a) and Panel (b) reveals that infor-
mation sharing and financing modes exert a significant heterogeneous modulation effect 
on carbon footprints: 

(1) The “Green Illusion” and Rational Retreat under Pessimistic Expectations 

Observing Panel (a) (Pessimistic expectation 𝑓𝑓 = 5 ), a noteworthy phenomenon 
emerges: information sharing paradoxically deteriorates environmental performance. 
This is evidenced by the carbon footprint curves of the sharing group (BS, RS) being sig-
nificantly higher than those of the non-sharing group (BN, RN). 

This unveils a potential trade-off between environmental benefit and economic ra-
tionality. Under information opacity (N), the manufacturer, oblivious to the retailer’s pri-
vate pessimistic information, formulates production and abatement plans based on a 
higher prior baseline 𝑎𝑎0. This “blind optimism” sustains a high level of abatement input, 
resulting in a lower carbon footprint. Conversely, once information is shared (S), the con-
firmed pessimistic signal triggers a “stop-loss mechanism,” prompting the manufacturer 
to drastically cut the abatement budget to mitigate investment risks. This contraction be-
havior, driven by economic rationality, preserves corporate profit but objectively leads to 
a degradation in product cleanliness. 

(2) “Synergistic Efficiency” under Optimistic Expectations 

Observing Panel (b) (Optimistic expectation 𝑓𝑓 = 8), the situation reverses. Infor-
mation sharing significantly reduces the carbon footprint, with the RS strategy (Retailer 
financing + Sharing) achieving the optimal environmental performance (the lowest curve). 

This outcome results from a positive coupling between “capital advantage” and “in-
formation advantage.” The optimistic market signal boosts the manufacturer’s expected 
return on investment, while the low-interest trade credit (𝑟𝑟𝑅𝑅 < 𝑟𝑟𝐵𝐵) provided by the retailer 
further lowers the capital barrier for green technological retrofitting. The combination of 
these two factors incentivizes the manufacturer to adopt an aggressive abatement strat-
egy, maximally squeezing out the residual carbon of the unit product. 

(3) Secondary Effect of Financing Modes 

Under identical information conditions, retailer financing (RN, RS) generally outper-
forms bank financing (BN, BS). This suggests that internal supply chain financing pos-
sesses not only economic value but also an environmental premium. Internal financing 
mitigates the double marginalization effect, endowing the manufacturer with more ample 
liquidity to respond to carbon abatement policies. 

Figure 13 reveals the complex modulating effect of forecast accuracy 𝜃𝜃 on the carbon 
footprint. 
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Figure 13. Impact of forecast accuracy on carbon footprint under different scenarios. (Source: Nu-
merical analysis by the authors). 

(i) Under pessimistic market expectations, the carbon footprints of the BS and RS (infor-
mation sharing) scenarios are significantly higher than those of BN and RN (no shar-
ing). More strikingly, as forecast accuracy 𝜃𝜃 improves, emission reductions in the 
sharing group barely improve; instead, they remain at an elevated level. This occurs 
because, under the no-sharing scenario (N), the manufacturer cannot access the pre-
cise pessimistic forecast and continues to maintain relatively high production and 
abatement investments based on historical averages. This “blind optimism” inad-
vertently sustains a lower carbon footprint. Conversely, once the retailer shares the 
precise pessimistic information (S), the rational manufacturer quickly identifies the 
investment risk and slashes abatement expenditures to “cut losses.” 

(ii) However, when the market is optimistic, the carbon footprints of the BS and RS 
groups decline as forecast accuracy 𝜃𝜃 increases, falling significantly below those of 
the non-sharing groups. Notably, the carbon footprint under the RS strategy reaches 
the lowest point across all scenarios. This is attributed to the fact that precise opti-
mistic information eliminates uncertainty regarding investment returns. When su-
perimposed with the low-cost advantage of trade credit, this drastically incentivizes 
the manufacturer’s willingness to abate, thereby achieving a Pareto improvement in 
both the economic and environmental values of the supply chain. 

The above analysis indicates that the sole pursuit of information transparency does 
not invariably lead to environmental optimality. During market pessimism, while high-
precision information sharing aids firms in financial hedging, it may exacerbate the dete-
rioration of environmental performance (as evidenced by the elevated trajectories of the 
RS and BS curves). This implies that during industry downturns, the government may 
need to introduce additional green subsidies or establish mandatory emission standards 
to compensate for the insufficient momentum in green investment caused by market 
mechanism failures. 

6. Conclusions 
6.1. Concluding Remarks 

This paper constructs a Stackelberg game model of a green supply chain consisting 
of a capital-constrained manufacturer and a retailer with an informational advantage. 
Driven by the dual forces of the carbon trading mechanism and consumers’ green prefer-
ences, we deeply investigate the manufacturer’s financing strategies (Bank Credit vs. 
Trade Credit) for carbon abatement investment and the retailer’s information sharing de-
cisions. The equilibrium outcomes and environmental performance under different sce-
narios are comparatively analyzed. The key findings are summarized as follows: 

First, carbon abatement investment supported by external financing exhibits signifi-
cant double positive externalities in both economic and environmental dimensions. Re-
gardless of whether the retailer shares demand information, investing in abatement 
through external financing (either via bank or retailer lending) is consistently a dominant 
strategy for the manufacturer compared to not investing. This indicates that consumers’ 
willingness to pay a premium for low-carbon products and the potential revenues from 
carbon trading are sufficient to cover the R&D costs of abatement technology and the in-
terest costs of financing. 

Second, the retailer’s information sharing strategy demonstrates a distinct “threshold 
effect” modulated by forecast accuracy. The retailer is not always motivated to share in-
formation; only when the forecasted market demand exceeds a specific threshold does 
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sharing information yield profit increments by expanding order quantities. Furthermore, 
as the retailer’s forecast accuracy improves, her sharing behavior becomes more cautious 
(the sharing threshold rises). Particularly in extreme intervals where the manufacturer’s 
investment costs are either very high or very low, high-precision forecasting capabilities 
prompt the retailer to lean towards retaining her informational advantage. 

Third, information sharing and financing modes jointly impact the carbon footprint 
performance of the supply chain. Improving forecast accuracy aids firms in accurately 
assessing the risk of market contraction, thereby reducing ineffective capacity and carbon 
emissions. Among various strategies, the trade credit mode exhibits the steepest slope in 
carbon footprint reduction, suggesting that internal supply chain financing is more sensi-
tive to market fluctuations. Meanwhile, the information sharing mechanism smooths the 
magnitude of production adjustments, avoiding extreme production decisions caused by 
information opacity, thus maintaining supply chain stability while reducing carbon emis-
sions. 

Finally, by conducting horizontal and vertical comparisons of profits for supply 
chain members and the system under different modes, this paper provides proof of con-
ditions for participants to select the optimal financing mode. Manufacturers can leverage 
this knowledge to tailor financing strategies based on their financial capabilities and ex-
pected carbon market returns to maximize profits and foster sustainable growth. Simi-
larly, retailers can make informed information disclosure decisions that align with their 
profitability goals and market dynamics. Moreover, policymakers can utilize these find-
ings to formulate regulations that encourage the adoption of low-carbon practices. By sup-
porting diverse financing mechanisms (e.g., lowering green credit interest rates) and re-
fining carbon labeling systems, governments can accelerate the transition to a low-carbon 
sustainable economy. Additionally, developing low-interest financing schemes specifi-
cally for green supply chain initiatives can eliminate financial barriers by reducing the 
cost of capital for green projects, enhancing the viability of firms transitioning to low-
carbon operations. 

6.2. Managerial and Policy Implications 

Our findings offer actionable guidance for supply chain firms and policymakers nav-
igating green technology investments, financing decisions, and information sharing strat-
egies. 

Implications for firms: Before committing to a specific financing mode for carbon 
abatement, capital-constrained manufacturers should conduct a structured assessment of 
consumer green preferences and expected carbon market returns, rather than treating 
green financing as a one-size-fits-all solution. When consumer willingness to pay a pre-
mium for low-carbon products is high, manufacturers should actively leverage external 
financing—either bank credit or trade credit—to unlock the double positive externalities 
of economic and environmental gains. For retailers, managing information disclosure re-
quires evaluating two dimensions: market demand forecast accuracy and the manufac-
turer’s investment cost intervals. Rather than adopting a policy of full transparency, re-
tailers should strategically utilize the “threshold effect” identified in our model. When 
forecasted demand is high, sharing information can expand order quantities and boost 
profits; however, as forecasting accuracy improves, retailers should lean toward retaining 
their informational advantage to safeguard their market power, especially under extreme 
technology cost conditions. Additionally, both parties should recognize that trade credit 
is highly sensitive to market fluctuations, and coordinating it with information sharing 
can smooth production adjustments and stabilize the supply chain. 

Implications for policymakers and financial regulators: Our results indicate that car-
bon abatement investments supported by external financing consistently improve both 
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environmental performance and supply chain profits, providing a strong rationale for 
public policies that actively facilitate green capital flows. Governments and environmen-
tal authorities should establish dynamic carbon cap-and-trade stabilization mechanisms, 
such as carbon price corridors, to reduce market volatility and provide a predictable re-
turn on green investments for capital-constrained firms. At the same time, policymakers 
should introduce targeted financial incentives, such as interest rate subsidies for green 
bank credit and tax credits for dominant retailers who extend trade credit to their suppli-
ers. Furthermore, establishing standardized, transparent carbon labeling systems can 
lower the information barrier for consumers, effectively shifting the market from being 
regulation-driven to demand-driven. By coupling financial support with standardized en-
vironmental disclosures, regulators can help align private corporate incentives with 
broader social and environmental objectives. 

6.3. Limitation and Future Research 

Despite the aforementioned implications, this study has certain limitations that open 
avenues for future research. The Stackelberg game model adopted assumes a linear de-
mand function and considers only a single manufacturer and a single retailer. This setup 
may not fully represent the complex network competition in the real world. Therefore, 
subsequent research could delve into competitive supply chain networks involving mul-
tiple manufacturers or retailers to capture strategic interactions in a competitive environ-
ment. While this study explores the interplay between financing and information, it as-
sumes a binary information sharing strategy (full sharing or no sharing). Future research 
could examine scenarios of partial information disclosure or ambiguous information shar-
ing. Similarly, scholars could further explore how other financial instruments, such as 
green bonds or revenue-sharing contracts, might further coordinate capital-constrained 
green supply chains. 
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Appendix A 

Table A1. Equilibrium outcomes under No Financing (NN and NS scenarios). (Source: Compiled 
by the authors). 

 NN NS 

𝑤𝑤 
𝑁𝑁1
2

 
𝑀𝑀1

2
 

𝑠𝑠 - - 

𝑝𝑝 
𝐸𝐸2
4

 
𝑀𝑀3 + 2𝐵𝐵

4
 

𝜋𝜋𝑚𝑚 8𝑡𝑡𝑡𝑡 + 𝑃𝑃22

8
 

8𝑡𝑡𝑡𝑡 + 𝑀𝑀2
2

8
 

𝜋𝜋𝑟𝑟  𝐸𝐸12

16
 

𝑀𝑀2
2

16
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Table A2. Equilibrium outcomes under Bank Financing (BN and BS scenarios). (Source: Compiled 
by the authors). 

 BN BS 

𝑤𝑤 
𝑡𝑡𝑎𝑎0𝛾𝛾𝛾𝛾 − 2𝑅𝑅1𝑁𝑁1𝜑𝜑

𝐷𝐷2 − 4𝜑𝜑𝑅𝑅1
 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 2𝑅𝑅1𝑀𝑀1𝜑𝜑
𝐷𝐷2 − 4𝜑𝜑𝑅𝑅1

 

𝑠𝑠 
𝐷𝐷𝑃𝑃2

4𝜑𝜑𝑅𝑅1 − 𝐷𝐷2 
𝐷𝐷(𝑀𝑀2 − 2𝐵𝐵)
𝐷𝐷2 − 4𝜑𝜑𝑅𝑅1

 

𝑝𝑝 
𝛾𝛾𝛾𝛾(𝐵𝐵𝐴𝐴2 + 𝑎𝑎0𝐴𝐴1) − 2𝑐𝑐𝑅𝑅2(𝑀𝑀3 + 𝑎𝑎0 + 𝐵𝐵)𝜑𝜑

2𝑐𝑐(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2)
 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 𝑅𝑅1(𝑀𝑀3 + 2𝐵𝐵)𝜑𝜑
𝐷𝐷2 − 4𝜑𝜑𝑅𝑅1

 

𝜋𝜋𝑚𝑚 
2𝑡𝑡𝑡𝑡𝐷𝐷2 − 𝑅𝑅1(8𝑡𝑡𝑡𝑡 + (𝑎𝑎0 − 𝐴𝐴2)2)𝜑𝜑

2(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅1)
 

2𝑡𝑡𝑡𝑡𝐷𝐷2 − 𝑅𝑅1�8𝑡𝑡𝑡𝑡 + 𝑀𝑀2
2�𝜑𝜑

2(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅1)
 

𝜋𝜋𝑟𝑟  �(𝐵𝐵 − 𝑎𝑎0)𝐷𝐷2 + 2𝑅𝑅1𝐸𝐸1𝜑𝜑�
2

4(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅1)2  
(𝑅𝑅1)2𝑀𝑀2

2𝜑𝜑2

(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅1)2 

Table A3. Equilibrium outcomes under Retailer Financing (RN and RS scenarios). (Source: Com-
piled by the authors). 

 RN RS 

𝑤𝑤 
𝑡𝑡𝑎𝑎0𝛾𝛾𝛾𝛾 − 2𝑅𝑅2𝑁𝑁1𝜑𝜑

𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2
 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 2𝑅𝑅2𝑀𝑀1𝜑𝜑
𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2

 

𝑠𝑠 
𝐷𝐷𝑃𝑃2

4𝜑𝜑𝑅𝑅2 − 𝐷𝐷2 
𝐷𝐷(𝑀𝑀2 − 2𝐵𝐵)
𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2

 

𝑝𝑝 
𝛾𝛾𝛾𝛾(𝐵𝐵𝐴𝐴2 + 𝑎𝑎0𝐴𝐴1) − 2𝑐𝑐𝑅𝑅2𝐸𝐸2𝜑𝜑

2𝑐𝑐(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2)
 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 𝑅𝑅2(𝑀𝑀3 + 2𝐵𝐵)𝜑𝜑
𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2

 

𝜋𝜋𝑚𝑚 
2𝑡𝑡𝑡𝑡𝐷𝐷2 − 𝑅𝑅2�8𝑡𝑡𝑡𝑡 + 𝑃𝑃22�𝜑𝜑

2(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2)
 

2𝑡𝑡𝑡𝑡𝐷𝐷2 − 𝑅𝑅2�8𝑡𝑡𝑡𝑡 + 𝑀𝑀2
2�𝜑𝜑

2(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2)
 

𝜋𝜋𝑟𝑟  2𝐷𝐷2𝜑𝜑(𝑅𝑅2 − 1)𝑃𝑃22 + �(𝐵𝐵 − 𝑎𝑎0)𝐷𝐷2 + 2𝑅𝑅2𝐸𝐸1𝜑𝜑�
2

4(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2)2  
𝐷𝐷2𝜑𝜑𝑀𝑀2

2�(𝑅𝑅2 − 1) + 2𝑅𝑅22𝜑𝜑�
2(𝐷𝐷2 − 4𝜑𝜑𝑅𝑅2)2  

Notes: 𝐴𝐴1 = 𝑐𝑐(𝑡𝑡 − 𝛽𝛽),  𝐴𝐴2 = 𝑐𝑐(𝑡𝑡 + 𝛽𝛽),  𝐴𝐴3 = 𝑐𝑐(𝑡𝑡 − 3𝛽𝛽),𝐵𝐵 = 𝑎𝑎0 + (𝑓𝑓 − 𝑎𝑎0)𝜃𝜃,𝐷𝐷 = (𝑡𝑡 + 𝛽𝛽)𝛾𝛾,𝐸𝐸1 = 𝑎𝑎0 +
𝐴𝐴2 − 2𝐵𝐵,𝐸𝐸2 = 𝐴𝐴3 + 𝑎𝑎0 + 2𝐵𝐵,  𝑀𝑀𝑖𝑖 = 𝐴𝐴𝑖𝑖 + 𝐵𝐵,𝑁𝑁𝑖𝑖 = 𝑎𝑎0 + 𝐴𝐴𝑖𝑖 ,  𝑃𝑃𝑖𝑖 = 𝑎𝑎0 − 𝐴𝐴𝑖𝑖 ,  𝑅𝑅1 = 1 + 𝑟𝑟𝐵𝐵,  𝑅𝑅2 = 1 + 𝑟𝑟𝑅𝑅. 

Appendix B 
Appendix B.1. No-Financing Scenario 

Comparing the retailer’s profits between the information sharing and no-sharing sce-
narios allows us to identify the thresholds for the retailer to share information in each case. 

Solving 𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁 − 𝜋𝜋𝑟𝑟𝑁𝑁𝑁𝑁 = 1
16

(𝑓𝑓 − 𝑎𝑎0)𝜃𝜃�2𝑐𝑐(𝑡𝑡 + 𝛽𝛽) − 3𝑓𝑓𝑓𝑓 + 𝑎𝑎0(−2 + 3𝜃𝜃)� > 0  yields the 

condition 𝑐𝑐𝑐𝑐−𝑎𝑎0+𝑐𝑐𝑐𝑐+2𝑎𝑎0𝜃𝜃
2𝜃𝜃

< 𝑓𝑓 < 𝑎𝑎0. 

Appendix B.2. Bank-Financing Scenario 

By analyzing 

𝜋𝜋𝑟𝑟𝐵𝐵𝐵𝐵 − 𝜋𝜋𝑟𝑟𝐵𝐵𝐵𝐵

= −
−4(1 + 𝑟𝑟𝐵𝐵)2(𝑎𝑎0 − 𝑐𝑐(𝑡𝑡 + 𝛽𝛽) + 𝑓𝑓𝑓𝑓 − 𝑎𝑎0𝜃𝜃)2𝜑𝜑2 + �(𝑓𝑓 − 𝑎𝑎0)(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2𝜃𝜃 + 2(1 + 𝑟𝑟𝐵𝐵)�𝑐𝑐(𝑡𝑡 + 𝛽𝛽) − 2𝑓𝑓𝑓𝑓 + 𝑎𝑎0(−1 + 2𝜃𝜃)�𝜑𝜑�

2

4((𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2 − 4(1 + 𝑟𝑟𝐵𝐵)𝜑𝜑)2 > 0, 
 

We find that: 
If (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝐵𝐵)
< 𝜑𝜑 < (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

2(1+𝑟𝑟𝐵𝐵)
, then 𝑓𝑓 > 𝑎𝑎0; 

if 𝜑𝜑 > (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

2(1+𝑟𝑟𝐵𝐵)
, then 𝑎𝑎0(𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜃𝜃−2(1+𝑟𝑟𝐵𝐵)�𝑐𝑐(𝑡𝑡+𝛽𝛽)+𝑎𝑎0(−1+2𝜃𝜃)�𝜑𝜑

(𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜃𝜃−4(1+𝑟𝑟𝐵𝐵)𝜃𝜃𝜃𝜃
< 𝑓𝑓 < 𝑎𝑎0 

Appendix B.3. Trade-Credit Financing Scenario 

Similarly, for the comparison of 𝜋𝜋𝑟𝑟𝑅𝑅𝑅𝑅 − 𝜋𝜋𝑟𝑟𝑅𝑅𝑅𝑅 = −1/(4 ((t + β)^2 γ^2 − 4 (1 +
𝑟𝑟𝑅𝑅) φ)2) (2 𝑟𝑟𝑅𝑅  (t + β)2 (𝑎𝑎0 − c (t + β))2 γ2 φ − 2 (𝑎𝑎0 − c (t + β) + f θ − x θ)2 φ (𝑟𝑟𝑅𝑅  (t +
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β)2 γ2 + 2 (1 + 𝑟𝑟𝑅𝑅)2 φ) + ((f − 𝑎𝑎0) (t + β)^2 γ^2 θ + 2 (1 + 𝑟𝑟𝑅𝑅) (c (t + β) − 2 f θ +
𝑎𝑎0 (−1 + 2 θ)) φ)2) > 0, the results show that: 

if  (𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝑅𝑅)
< 𝜑𝜑 ≤

�4+5𝑟𝑟𝑅𝑅+�4+𝑟𝑟𝑅𝑅(16+13𝑟𝑟𝑅𝑅)�(𝑡𝑡+𝛽𝛽)2𝛾𝛾2

12(1+𝑟𝑟𝑅𝑅)2
, then 𝑓𝑓 > 𝑎𝑎0 

if  
�4+5𝑟𝑟𝑅𝑅+�4+𝑟𝑟𝑅𝑅(16+13𝑟𝑟𝑅𝑅)�(𝑡𝑡+𝛽𝛽)2𝛾𝛾2

12(1+𝑟𝑟𝑅𝑅)2
< 𝜑𝜑 < (1+2𝑟𝑟𝑅𝑅)(𝑡𝑡+𝛽𝛽)2𝛾𝛾2

2(1+𝑟𝑟𝑅𝑅)2
, 

which implies 
𝑎𝑎0(𝑡𝑡+𝛽𝛽)4𝛾𝛾4𝜃𝜃−2(𝑡𝑡+𝛽𝛽)2𝛾𝛾2�2(1+2𝑟𝑟𝑅𝑅)�−𝑎𝑎0+𝑐𝑐(𝑡𝑡+𝛽𝛽)�+(4+5𝑟𝑟𝑅𝑅)𝑎𝑎0𝜃𝜃�𝜑𝜑+4(1+𝑟𝑟𝑅𝑅)2�2𝑐𝑐(𝑡𝑡+𝛽𝛽)+𝑎𝑎0(−2+3𝜃𝜃)�𝜑𝜑2

𝜃𝜃((𝑡𝑡+𝛽𝛽)4𝛾𝛾4−2(4+5𝑟𝑟𝑅𝑅)(𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜑𝜑+12(1+𝑟𝑟𝑅𝑅)2𝜑𝜑2) ) > 𝑎𝑎0, then 𝑎𝑎0 < 𝑓𝑓 <
𝑎𝑎0(𝑡𝑡+𝛽𝛽)4𝛾𝛾4𝜃𝜃−2(𝑡𝑡+𝛽𝛽)2𝛾𝛾2�2(1+2𝑟𝑟𝑅𝑅)�−𝑎𝑎0+𝑐𝑐(𝑡𝑡+𝛽𝛽)�+(4+5𝑟𝑟𝑅𝑅)𝑎𝑎0𝜃𝜃�𝜑𝜑+4(1+𝑟𝑟𝑅𝑅)2�2𝑐𝑐(𝑡𝑡+𝛽𝛽)+𝑎𝑎0(−2+3𝜃𝜃)�𝜑𝜑2

𝜃𝜃((𝑡𝑡+𝛽𝛽)4𝛾𝛾4−2(4+5𝑟𝑟𝑅𝑅)(𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜑𝜑+12(1+𝑟𝑟𝑅𝑅)2𝜑𝜑2) . 
 

if (1+2𝑟𝑟𝑅𝑅)(𝑡𝑡+𝛽𝛽)2𝛾𝛾2

2(1+𝑟𝑟𝑅𝑅)2
< 𝜑𝜑 ≤

�2+5𝑟𝑟𝑅𝑅+�𝑅𝑅(4+13𝑟𝑟𝑅𝑅)�(𝑡𝑡+𝛽𝛽)2𝛾𝛾2

4(1+𝑟𝑟𝑅𝑅)2
, 

which implies 

𝑎𝑎0(𝑡𝑡 + 𝛽𝛽)4𝛾𝛾4𝜃𝜃 − 2(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2�2(1 + 2𝑟𝑟𝑅𝑅)�−𝑎𝑎0 + 𝑐𝑐(𝑡𝑡 + 𝛽𝛽)� + (4 + 5𝑟𝑟𝑅𝑅)𝑎𝑎0𝜃𝜃�𝜑𝜑 + 4(1 + 𝑟𝑟𝑅𝑅)2�2𝑐𝑐(𝑡𝑡 + 𝛽𝛽) + 𝑎𝑎0(−2 + 3𝜃𝜃)�𝜑𝜑2

𝜃𝜃((𝑡𝑡 + 𝛽𝛽)4𝛾𝛾4 − 2(4 + 5𝑟𝑟𝑅𝑅)(𝑡𝑡 + 𝛽𝛽)2𝛾𝛾2𝜑𝜑 + 12(1 + 𝑟𝑟𝑅𝑅)2𝜑𝜑2) ) < 𝑎𝑎0,  

then 𝑎𝑎0(𝑡𝑡+𝛽𝛽)4𝛾𝛾4𝜃𝜃−2(𝑡𝑡+𝛽𝛽)2𝛾𝛾2�2(1+2𝑟𝑟𝑅𝑅)�−𝑎𝑎0+𝑐𝑐(𝑡𝑡+𝛽𝛽)�+(4+5𝑟𝑟𝑅𝑅)𝑎𝑎0𝜃𝜃�𝜑𝜑+4(1+𝑟𝑟𝑅𝑅)2�2𝑐𝑐(𝑡𝑡+𝛽𝛽)+𝑎𝑎0(−2+3𝜃𝜃)�𝜑𝜑2

𝜃𝜃((𝑡𝑡+𝛽𝛽)4𝛾𝛾4−2(4+5𝑟𝑟𝑅𝑅)(𝑡𝑡+𝛽𝛽)2𝛾𝛾2𝜑𝜑+12(1+𝑟𝑟𝑅𝑅)2𝜑𝜑2) < 𝑓𝑓 <

𝑎𝑎0. 
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